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
$EVWUDFW²$ QRYHO DOJRULWKP ZKLFK FRPELQHG WKH PHULWV RI WKH
&OXVWHULQJ VWUDWHJ\ DQG WKH &RPSUHVVLYH 6HQVLQJEDVHG
&6EDVHG VFKHPH ZDV SURSRVHG LQ WKLV SDSHU 7KH OHPPDV IRU
WKH UHODWLRQVKLS EHWZHHQ DQ\ WZR DGMDFHQW OD\HUV WKH RSWLPDO VL]H
RI FOXVWHUV WKH RSWLPDO GLVWULEXWLRQ RI WKH &OXVWHU +HDG &+ DQG
WKH FRUUHVSRQGLQJ SURRIV ZHUH SUHVHQWHG ILUVWO\ ,Q DGGLWLRQ WR
DOOHYLDWH WKH ³+RW 6SRW 3UREOHP´ DQG UHGXFH WKH HQHUJ\
FRQVXPSWLRQ UHVXOWHG IURP WKH URWDWLRQ RI WKH UROH RI &+V D WKLUG
UROH RI %DFNXS &OXVWHU +HDG %&+ DV ZHOO DV WKH FRUUHVSRQGLQJ
PHFKDQLVP WR URWDWH WKH UROHV EHWZHHQ WKH &+ DQG %&+ ZHUH
SURSRVHG 6XEVHTXHQWO\ WKH (QHUJ\(IILFLHQW &RPSUHVVLYH
6HQVLQJEDVHG FOXVWHULQJ 5RXWLQJ ((&65 SURWRFRO ZDV
SUHVHQWHG LQ GHWDLO )LQDOO\ H[WHQVLYH VLPXODWLRQ H[SHULPHQWV
ZHUH FRQGXFWHG WR HYDOXDWH LWV HQHUJ\ SHUIRUPDQFH &RPSDULVRQV
ZLWK WKH H[LVWLQJ FOXVWHULQJ DOJRULWKPV DQG WKH &6EDVHG
DOJRULWKP YHULILHG WKH HIIHFW RI ((&65 RQ LPSURYLQJ WKH HQHUJ\
HIILFLHQF\ DQG H[WHQGLQJ WKH OLIHVSDQ RI :61V
,QGH[ 7HUPV²:LUHOHVV VHQVRU QHWZRUNV FRPSUHVVLYH VHQVLQJ WKH
³KRW VSRW SUREOHP´ HQHUJ\ HIILFLHQF\
, ,1752'8&7,21
+( :,5(/(66 6(1625 1(7:25.6 :616 LV D NLQG
RI QHWZRUNV ZKLFK FRQVLVW RI D ODUJH QXPEHU RI WLQ\ VHQVRU
QRGHV>@>@ 2ZLQJ WR WKH ORZ GHSOR\LQJ FRVW :61V KDYH
JDLQHG H[WHQVLYH DSSOLFDWLRQV VXFK DV WKH WDUJHW WUDFNLQJ
HQHP\ GHWHFWLQJ DLU SROOXWLRQ PRQLWRULQJ PHGLFDO FDULQJ DQG
VR RQ>@>@>@ ,Q JHQHUDO PRVW RI WKH VHQVRU QRGHV DUH SRZHUHG E\
WKH EDWWHU\ ZKLFK PHDQV WKHLU HQHUJ\ VXSSO\ LV OLPLWHG %HVLGHV
PRVW RI :61V DUH XVXDOO\ GHSOR\HG LQ WKH DUHD ZKLFK LV RXW RI
KXPDQ¶V UHDFK 6R LW LV KLJKFRVW RU XQSUDFWLFDO IRU WKHP WR EH
UHSOHQLVKHG ,Q DGGLWLRQ WKH ³+RW 6SRW 3UREOHP´ ZKLFK UHIHUV
WR WKH IDFW WKDW WKH QRGHV FORVH WR WKH 6LQN GHSOHWH HQHUJ\ IDVWHU
WKDQ WKH QRGHV O\LQJ LQ HGJH DUHD PDNHV PDWWHUV ZRUVH 7KH
OLIHVSDQ RI :61V WHUPLQDWHV ZKHQ RQH RU VRPH RI WKH NH\
7KLV SDSHU ZDV VXSSRUWHG E\ WKH 1DWLRQDO 1DWXUDO 6FLHQFH )RXQGDWLRQ RI
&KLQD  	  	  WKH &KLQD 6FKRODUVKLS &RXQFLO
DQG WKH ,QQRYDWLRQ )XQG RI ;LGLDQ 8QLYHUVLW\
4XDQ :DQJ 'H\X /LQ DQG 3HQJIHL <DQJ DUH ZLWK WKH 6FKRRO RI &RPSXWHU
6FLHQFH DQG 7HFKQRORJ\ ;LGLDQ 8QLYHUVLW\ ;L¶DQ 6KDQQ[L &KLQD 
HPDLO 'DVKLQJBOLQ#FRP
=KLTLDQJ =KDQJ LV ZLWK /HHGV 8QLYHUVLW\ /HHGV :HVW<RUNVKLUH /6 -7
8.
QRGHV H[KDXVW WKHLU HQHUJ\ GXH WR WKH ILQLWH HQHUJ\ EXGJHW DV
ZHOO DV WKH ³+RW 6SRW 3UREOHP´ 7KHUHIRUH KRZ WR SURORQJ WKH
OLIHWLPH LV RQH RI WKH PDLQ FKDOOHQJHV IDFLQJ WKH ZLUHOHVV VHQVRU
QHWZRUNV ZLWKRXW EHLQJ HTXLSSHG ZLWK DQ\ HQHUJ\ KDUYHVWLQJ
WHFKQRORJ\ ,Q UHFHQW \HDUV WKH VFKHPHV DLPLQJ DW H[WHQGLQJ
WKH OLIHVSDQ RI :61V KDV DWWUDFWHG H[WHQVLYH DWWHQWLRQV 6LQFH
WKH HQHUJ\ VXSSO\ LV OLPLWHG LPSURYLQJ WKH HQHUJ\ HIILFLHQF\ LV
RQH NLQG RI HIIHFWLYH ZD\V WR SURORQJ WKH OLIHWLPH
*HQHUDOO\ VSHDNLQJ WZR DVSHFWV DUH LQFOXGHG FRQFHUQLQJ
LPSURYLQJ WKH HQHUJ\ HIILFLHQF\ ZKLFK DUH WKH UHGXFWLRQ DQG
EDODQFH RI HQHUJ\ FRQVXPSWLRQ 8VXDOO\ WKHUH H[LVWV QXPHURXV
UHGXQGDQF\ LQ WKH VRXUFH GDWD )RU H[DPSOH PRVW RI WKH GDWD
DFTXLUHG E\ WKH VHQVRU QRGH H[KLELW KLJK 6SDWLDOWHPSRUDO
FRUUHODWLRQ 7KH 6SDWLDOWHPSRUDO FRUUHODWLRQ LQFOXGHV WZR
DVSHFWV VSDWLDO FRUUHODWLRQ DQG WHPSRUDO FRUUHODWLRQ 7KH VHQVRU
QRGHV DUH XVXDOO\ GHQVHO\ GHSOR\HG LQ PRVW RI WKH DSSOLFDWLRQV
RI :61V ZKLFK UHVXOWV LQ WKH VLPLODULW\ RI WKH GDWD 1DPHO\
WKH GDWD DFTXLUHG E\ WKH DGMDFHQW QRGHV DSSHDU WR EH KLJKO\
VLPLODU LQ SDUW RU ZKROH 7KLV SKHQRPHQRQ LV FDOOHG DV WKH
VSDWLDO FRUUHODWLRQ ZKLFK OHDGV WR WKH GDWD UHGXQGDQF\ DQG WKH
ZDVWH RI HQHUJ\ ,Q DGGLWLRQ WKH WHPSRUDO FRUUHODWLRQ ZKLFK
PHDQV WKH GDWD VHQVHG LQ WKH DGMDFHQW WLPH VORWV DSSHDU WR EH
VLPLODU DOVR H[LVWV LQ WKH SURFHVV RI GDWD DFTXLVLWLRQ ,Q JHQHUDO
WKH WHPSRUDO FRUUHODWLRQ LV UHVXOWHG IURP WKH KLJK IUHTXHQF\ RI
GDWD DFTXLVLWLRQ )RU LQVWDQFH LQ VRPH VFHQDULRV VXFK DV WKH
GLVDVWHU GHWHFWLRQ HQGDQJHUHG VSHFLHV UHVFXH HWF WKH GDWD
QHHG WR EH FROOHFWHG LQ D KLJK IUHTXHQF\ LQ RUGHU WR DFKLHYH D
KLJK DFFXUDF\ 6LPLODU WR WKH VSDWLDO FRUUHODWLRQ WKH WHPSRUDO
FRUUHODWLRQ DOVR OHDGV WR WKH GDWD UHGXQGDQF\ 7KHUHIRUH WKH
HQHUJ\ HIILFLHQF\ FDQ EH LPSURYHG LI WKH UHGXQGDQF\ LV UHGXFHG
YLD DJJUHJDWLRQ EHIRUH WKH GDWD DUH LQWDFWO\ WUDQVPLWWHG WR WKH
6LQN ,Q JHQHUDO WKH LQWUDQHW GDWD DJJUHJDWLRQ FDQ EH XWLOL]HG WR
UHGXFH WKH GDWD UHGXQGDQF\ UHVXOWHG IURP WKH 6SDWLDOWHPSRUDO
FRUUHODWLRQ 7KH WUDGLWLRQDO LQWUDQHW GDWD DJJUHJDWLRQ VFKHPHV
LQFOXGHG WKH GLVWULEXWHG VRXUFH PRGHO GLVWULEXWHG WUDQVIRUP
FRGLQJ DQG WKH GLVWULEXWHG VRXUFH FRGLQJ>@ +RZHYHU PRVW RI
WKHP IHDWXUHG WKDW WKH RSHUDWLRQ LV FRPSOLFDWHG IRU WKH HQFRGHU
EXW VLPSOH IRU WKH GHFRGHU 2EYLRXVO\ LW LV QRW YHU\ VXLWDEOH IRU
WKH UHVRXUFHOLPLWHG :61V 2Q WKH RWKHU KDQG WKH
³FRQYHUJHFDVW´ WUDIILF SDWWHUQ DQG WKH ³KRSE\KRS´ URXWLQJ
PRGH LQ :61V UHVXOW LQ WKH XQHYHQ GLVWULEXWLRQ RI HQHUJ\
FRQVXPSWLRQ ZKLFK LV WKH URRW FDXVH RI WKH ³+RW 6SRW
3UREOHP´ 5HFHQW \HDUV KDYH ZLWQHVVHG D ORW RI UHVHDUFKHV
ZKLFK DLP DW LPSURYLQJ WKH HQHUJ\ HIILFLHQF\ YLD FXWWLQJ GRZQ
$Q (QHUJ\(IILFLHQW &RPSUHVVLYH
6HQVLQJ%DVHG &OXVWHULQJ 5RXWLQJ 3URWRFRO IRU
:61V
4XDQ :DQJ0HPEHU ,((( 'H\X /LQ 6WXGHQW 0HPEHU ,((( 3HQJIHL <DQJ0HPEHU ,((( DQG
=KLTLDQJ =KDQJ0HPEHU ,(((
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DQG EDODQFLQJ WKH HQHUJ\ FRQVXPSWLRQ>@>@>@ VXFK DV WKH
FOXVWHULQJEDVHG URXWLQJ SURWRFRO>@ WKH WRSRORJ\ FRQWUROOLQJ
VFKHPH>@>@ WKH VWUDWHJ\ DGRSWLQJ WKH PRELOH 6LQN RU PRELOH
5HOD\>@>@ DQG WKH GDWD DJJUHJDWLRQ VFKHPH>@ +RZHYHU DOO
RI WKHP IROORZHG WKH 1\TXLVW VDPSOLQJ WKHRUHP ZKLFK
GHPDQGV WKH VDPSOH IUHTXHQF\ VKRXOG EH DW OHDVW WZLFH DV PXFK
DV WKH ODUJHVW IUHTXHQF\ RI WKH VRXUFH VLJQDO WR UHFRYHU LW
SUHFLVHO\ ,W PHDQV WKDW WKH UHGXQGDQW GDWD UHVXOWHG IURP WKH
6SDWLDOWHPSRUDO FRUUHODWLRQ DUH VWLOO FROOHFWHG ZKLFK OHDGV WR D
ZDVWH RI HQHUJ\ WR VRPH H[WHQW %HVLGHV HYHQ WKRXJK WKHUH DUH
VRPH VFKHPHV DLPLQJ DW UHGXFLQJ HQHUJ\ YLD LQQHWZRUN
DJJUHJDWLRQ WKH\ VWLOO IROORZHG WKH
DFTXLVLWLRQILUVWFRPSUHVVODWWHU SDWWHUQ 7KH HQHUJ\ LV ZDVWHG
IRU WKH SURFHVV RI UDZ GDWD DFTXLVLWLRQ WKHUHIRUH WKH HQHUJ\
HIILFLHQF\ VWLOO QHHGV WR EH LPSURYHG
&RPSUHVVLYH 6HQVLQJ &6>@ WKHRU\ SURYLGHV D QHZ NLQG RI
GDWD DFTXLVLWLRQ SDUDGLJP IRU :61V 9LD WKH &6 WKHRU\ WKH
VLJQDO FDQ EH DFTXLUHG DQG UHFRYHUHG DW WKH VDPSOLQJ UDWH ZKLFK
LV PXFK ORZHU WKDQ WKH 1\TXLVW VDPSOLQJ UDWH 7KH HQHUJ\
FRQVXPSWLRQ GHFUHDVHV ZLWK WKH VDPSOLQJ IUHTXHQF\ WKHUHIRUH
WKH &6EDVHG VFKHPH FDQ EH DSSOLHG WR H[WHQG WKH QHWZRUN
OLIHWLPH $V IRU &6EDVHG VFKHPHV LI D VLJQDO LV VSDUVH LQ QDWXUH
RU VSDUVH XQGHU D JLYHQ VSDUVH EDVLV PDWUL[ LW FDQ EH
UHFRQVWUXFWHG IURP D VPDOO QXPEHU RI OLQHDU PHDVXUHPHQWV
8VXDOO\ WKH VRXUFH VLJQDO FDQ EH UHFRYHUHG E\ VROYLQJ DQ
OQRUP FRQYH[ RSWLPL]DWLRQ SUREOHP &6 WKHRU\ PDNHV LW
SRVVLEOH WKDW WKH VDPSOLQJ IUHTXHQF\ GHSHQGV RQ WKH
FKDUDFWHULVWLFV RI WKH VLJQDO LWVHOI UDWKHU WKDQ WKH VLJQDO
EDQGZLGWK>@ 0RUHRYHU XQOLNH WKH FRQYHQWLRQDO GDWD
FRPSUHVVLRQ WHFKQLTXHV VXFK DV &$* &OXVWHUHG
$*JUHJDWLRQ>@ DQG '6& 'LVWULEXWHG 6RXUFH &RGLQJ>@>@
&6 V\QFKURQL]HV VDPSOLQJ DQG FRPSUHVVLRQ DQG RQO\ QHHG
VHYHUDO VLPSOH PXOWLSOLFDWLRQ DQG DGGLWLRQ RSHUDWLRQV GXULQJ
WKH SURFHVV RI FRPSUHVVLRQ VDPSOLQJ :KLOH WKH FRPSOLFDWHG
GDWD UHFRYHU\ RSHUDWLRQV DUH FRQGXFWHG E\ WKH 6LQN 2EYLRXVO\
WKLV IHDWXUH PDNHV LW H[DFWO\ VXLWDEOH IRU WKH ZLUHOHVV VHQVRU
QHWZRUNV ZKHUH VHQVRU QRGHV SRVVHVV OLPLWHG HQHUJ\ DQG
SURFHVVLQJ FDSDFLW\ EXW WKH HQHUJ\ VXSSO\ DQG WKH SURFHVVLQJ
FDSDFLW\ RI 6LQN QRGHV DUH UHODWLYHO\ XQOLPLWHG 7KURXJK
DSSO\LQJ WKH &6 WR WKH :61V WKH GDWD FDQ EH FRPSUHVVHG ZKHQ
WKH\ DUH EHLQJ VHQVHG 6R WKH HQHUJ\ IRU VHQVLQJ DQG
WUDQVPLWWLQJ LV FXW GRZQ UHPDUNDEO\ GXH WR WKH GHFOLQH RI WKH
DPRXQW RI GDWD VHQVHG DQG WUDQVPLWWHG
7KH FRQWULEXWLRQV RI WKH SDSHU ZHUH OLVWHG DV IROORZ 7KH
OHPPDV IRU WKH UHODWLRQVKLS EHWZHHQ WZR DGMDFHQW OD\HUV WKH
RSWLPDO QXPEHU RI &+ DW HDFK OD\HU DQG WKH RSWLPDO
GLVWULEXWLRQ RI &+ ZHUH SUHVHQWHG ILUVWO\ ,Q DGGLWLRQ LQ RUGHU
WR DOOHYLDWH WKH ³+RW 6SRW 3UREOHP´ DV ZHOO DV UHGXFH WKH HQHUJ\
FRQVXPSWLRQ UHVXOWHG IURP WKH IORRGLQJ GXULQJ WKH SURFHVV RI
URWDWLRQ WKH UROHV RI &+V D WKLUG UROH RI WKH %DFNXS &OXVWHU
+HDG %&+ DQG WKH PHFKDQLVP WR URWDWH WKH UROHV EHWZHHQ &+
DQG %&+ ZHUH SURSRVHG 6XEVHTXHQWO\ WKH (QHUJ\(IILFLHQW
&RPSUHVVLYH 6HQVLQJEDVHG FOXVWHULQJ 5RXWLQJ ((&65
SURWRFRO ZKLFK ZDV D FRPELQDWLRQ RI WKH PHULWV RI WKH
&OXVWHULQJ VWUDWHJ\ DQG WKH &6EDVHG VFKHPH ZDV SUHVHQWHG
)LQDOO\ H[WHQVLYH VLPXODWLRQ H[SHULPHQWV ZHUH FRQGXFWHG WR
HYDOXDWH LWV HQHUJ\ SHUIRUPDQFH &RPSDULVRQV ZLWK WKH H[LVWLQJ
&OXVWHULQJ DOJRULWKPV DQG WKH &6EDVHG DOJRULWKPV YHULILHG WKH
((&65¶V HIIHFW RQ LPSURYLQJ WKH HQHUJ\ HIILFLHQF\ DQG
H[WHQGLQJ WKH OLIHVSDQ RI :61V
7KH UHPLQGHUV RI WKH SDSHU ZHUH RUJDQL]HG DV IROORZ
6HFWLRQ ,, LQWURGXFHG WKH UHODWHG ZRUNV 7KH SUHOLPLQDULHV ZDV
SUHVHQWHG LQ 6HFWLRQ ,,, ZKLFK ZDV IROORZHG E\ WKH WKHRUHWLFDO
EDVLV RI WKH SURSRVDO LQ 6HFWLRQ ,9 6XEVHTXHQWO\ WKH
(QHUJ\(IILFLHQW &RPSUHVVLYH 6HQVLQJEDVHG FOXVWHULQJ
5RXWLQJ ((&65 SURWRFRO ZDV SURSRVHG LQ 6HFWLRQ 9 DQG LW
ZDV HYDOXDWHG E\ VLPXODWLRQ LQ 6HFWLRQ 9, )LQDOO\ WKH
FRQFOXVLRQ ZDV GUDZQ DQG VRPH IXWXUH GLUHFWLRQV ZDV SRLQWHG
RXW
,, 5(/$7(' :25.6
5HFHQW \HDUV KDYH ZLWQHVVHG QXPHURXV VWUDWHJLHV LQ RUGHU WR
LPSURYH WKH HQHUJ\ HIILFLHQF\ DQG SURORQJ WKH OLIHVSDQ RI
:61V 0RVW RI WKHP DGRSWHG WKH &OXVWHULQJ VWUDWHJLHV ZKLFK
GLYLGHG WKH ZKROH QHWZRUN LQWR ORJLFDO KLHUDUFKLFDO WRSRORJ\
7KURXJK FOXVWHULQJ VLPSOH DJJUHJDWLRQ RSHUDWLRQV FDQ EH
FRQGXFWHG E\ &+ ZKLFK KHOSV WR FXW GRZQ WKH HQHUJ\
FRQVXPSWLRQ UHVXOWHG IURP LQWUDFOXVWHU FRPPXQLFDWLRQ ,Q
DGGLWLRQ WKH URWDWLRQ RI WKH UROHV RI WKH VHQVRU QRGHV ZHUH
XWLOL]HG WR EDODQFH WKH HQHUJ\ FRQVXPSWLRQ DPRQJ WKH ZKROH
QHWZRUN )RU H[DPSOH /($&+ /RZ(QHUJ\ $GDSWLYH
&OXVWHULQJ +LHUDUFK\>@ SURSRVHG WKH &OXVWHULQJ VFKHPHV IRU
WKH ILUVW WLPH WR LPSURYH WKH HQHUJ\ HIILFLHQF\ ,W VHOHFWHG WKH
&OXVWHU +HDG UDQGRPO\ ,Q 3(*$6,6 3RZHU(IILFLHQW
*DWKHULQJ LQ 6HQVRU ,QIRUPDWLRQ 6\VWHPV>@ WKH QRGHV WRRN
WXUQV WR DFW DV &+V DFFRUGLQJ WR D FHUWDLQ QHWZRUN ORJLFDO
WRSRORJ\ ,Q VRPH VFHQDULRV WKH &+V VHOHFWLRQ SURFHVV ZDV
FRQWUROOHG DFFRUGLQJ WR VRPH SUHGHILQHG WKUHVKROGV )RU
H[DPSOH WKH VLPLODULW\ DPRQJ QRGHV DQG WKH QRGH GHJUHH DUH
RIWHQ UHJDUGHG DV SDUDPHWHUV IRU &+ HOHFWLRQ DFFRUGLQJ WR WKH
VSHFLILF DSSOLFDWLRQ VFHQDULRV 7KHUH ZHUH VHYHUDO UHODWHG
H[DPSOHV )RU LQVWDQFH D GRXEOHWKUHVKROG PHFKDQLVP QDPHO\
WKH +DUG 7KUHVKROG +7 DQG WKH 6RIW 7KUHVKROG 67 ZHUH
XVHG LQ 7((1 7KUHVKROG VHQVLWLYH (QHUJ\ (IILFLHQW VHQVRU
1HWZRUN SURWRFRO>@ ZKLFK ZDV DSSOLHG LQ WKH KDUG UHDOWLPH
VFHQDULR 6LPLODU FODVVLF &OXVWHULQJ VWUDWHJLHV LQFOXGHG WKH
'+$& 'LVWULEXWHG +LHUDUFK\ $JJUHJDWLRQ &OXVWHULQJ ZKLFK
JHQHUDWHG WKH &+V DFFRUGLQJ WR WKH VLPLODULW\ PDWUL[ JHQHUDWHG
E\ WKH QRGH LQSXW /($&+(5(>@ ZKLFK FRQVLGHUHG WKH
H[SHFWHG UHVLGXDO HQHUJ\ WKURXJK WKH IX]]\ORJLF WR IXUWKHU
LPSURYH WKH HQHUJ\ HIILFLHQF\ HWF $OWKRXJK WKH HQHUJ\
HIILFLHQF\ KDV EHHQ LPSURYHG E\ WKH DERYH VFKHPHV WKH
1\TXLVW VDPSOLQJ WKHRUHP SDWWHUQ KDV SUHYHQWHG WKH IXUWKHU
LPSURYHPHQW RI HQHUJ\ HIILFLHQF\ 7KH UHGXQGDQF\ UHVXOWHG
IURP WKH GDWD DFTXLVLWLRQ OHDGV WR D ZDVWH RI HQHUJ\
7KH &RPSUHVVLYH 6HQVLQJ WKHRU\ SURYLGHG D QHZ SDUDGLJP
IRU WKH GDWD FROOHFWLRQ RI :61V $ ODUJH QXPEHU RI
HQHUJ\HIILFLHQW VWUDWHJLHV ZKLFK ZHUH EDVHG RQ &RPSUHVVLYH
6HQVLQJ WKHRU\ KDYH HPHUJHG LQ UHFHQW \HDUV :LWK WKH KHOS RI
&RPSUHVVLYH 6HQVLQJ WKHRU\ WKH GDWD UHGXQGDQF\ UHVXOWHG
IURP WKH 6SDWLDOWHPSRUDO FRUUHODWLRQ FDQ EH UHGXFHG
UHPDUNDEOH ZKLFK EULQJV LQ D KXJH LPSURYHPHQW RI HQHUJ\
HIILFLHQF\ RI :61V
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5HFHQW \HDUV KDYH ZLWQHVVHG H[WHQVLYH DWWHQWLRQV SDLG WR WKH
&6EDVHG VWUDWHJLHV ZKLFK DLPHG WR LPSURYH WKH HQHUJ\
HIILFLHQF\ =KHQJ HW DO SURYLGHG WKH PDWKHPDWLFDO IRXQGDWLRQ
WR DFTXLUH WKH PHDVXUHPHQW LQ D UDQGRPZDONEDVHG PDQQHU>@
,W ZDV REWDLQHG WKDW D .VSDUVH VLJQDO FDQ EH UHFRQVWUXFWHG YLD
WKH OQRUP PLQLPL]DWLRQ GHFRGLQJ DOJRULWKP ZKHQ LW WRRN
ORJ NQN2P  LQGHSHQGHQW UDQGRP ZDONV ZKRVH OHQJWK
ZDV  NQ2W  VWHSV LQ D UDQGRP JHRPHWULF QHWZRUN ZLWK Q
QRGHV 7KH VLPXODWLRQ UHVXOWV GHPRQVWUDWHG LWV HIIHFWLYHQHVV
6LPLODU VWUDWHJ\ LQFOXGHG DQRWKHU SURSRVDO ZKLFK DGRSWHG D
UDQGRP ZDONEDVHG DOJRULWKP DQG D NHUQHOEDVHG VWUDWHJ\>@
7KHVH VFKHPHV ZHUH ILQDOO\ SURYHG WR EH DEOH WR QRW RQO\
VLJQLILFDQWO\ UHGXFH WKH FRPPXQLFDWLRQ FRVW EXW DOVR FRPEDW
WKH XQUHOLDEOH ZLUHOHVV OLQN XQGHU YDULRXV SDFNHW ORVVHV 4XDQ
HW DO SURSRVHG D 1HLJKERU$LGHG &RPSUHVVLYH 6HQVLQJ
1$&6 VFKHPH IRU WKH 6SDWLDOWHPSRUDO FRUUHODWHG :61V>@
7KH PHDVXUHPHQWV ZHUH VHQW WR D UDQGRPO\ DQG XQLTXHO\
VHOHFWHG QHLJKERU WR GLVWULEXWH WKH HQHUJ\ FRQVXPSWLRQ HTXDOO\
%HVLGHV WKH 1$&6 LQWHJUDWHG WKH 6WUXFWXUHG 5DQGRP 0DWUL[
650 ZLWK WKH .URQHFNHU &RPSUHVVLYH 6HQVLQJ .&6 WR
LPSURYH WKH UHFRYHU\ SHUIRUPDQFH ;LDQJ HW DO SUHVHQWHG D
GDWD DJJUHJDWLRQ VFKHPH ZKLFK H[SORLWHG WKH &RPSUHVVLYH
6HQVLQJ WR DFKLHYH ERWK WKH HQHUJ\ HIILFLHQF\ DQG WKH UHFRYHU\
ILGHOLW\ LQ D DUELWUDU\ :61V>@ 7KH GLIIXVLRQ ZDYHOHW ZDV XVHG
IRU JHWWLQJ D VXLWDEOH VSDUVH EDVLV ZKLFK FKDUDFWHUL]HG WKH
6SDWLDOWHPSRUDO FRUUHODWLRQ ZHOO 7KH VWUDWHJ\ ZDV ILQDOO\
FRQYHUWHG LQWR D PL[HG LQWHJHU SURJUDPPLQJ IRUPXODWLRQ
VROYHG E\ D JUHHG\ KHXULVWLF DOJRULWKP 7KH FRUUHVSRQGLQJ
SHUIRUPDQFH ZDV HYDOXDWHG YLD H[WHQVLYH VLPXODWLRQV RQ ERWK
WKH UHDO GDWD VHW DQG WKH V\QWKHWLF GDWD VHW <DQJ HW DO
SURSRVHG D &RPSUHVVHG 1HWZRUNLQJ &RGLQJ EDVHG 'LVWULEXWHG
GDWD 6WRUDJH &1&'6 VFKHPH ZKLFK DLPHG DW DFKLHYLQJ KLJK
HQHUJ\ HIILFLHQF\ YLD UHGXFLQJ WKH WRWDO DPRXQW RI
WUDQVPLVVLRQV WRW1W DQG WKDW RI UHFHSWLRQV WRW1U GXULQJ
FRPPXQLFDWLRQ>@ $FFRUGLQJ WR WKH 5DQGRP *HRPHWULF
*UDSKV 5** WKHRU\ WKH H[SUHVVLRQV RI WRW1W DQG WRW1U ZHUH
REWDLQHG WR WKHRUHWLFDOO\ YHULI\ WKH HQHUJ\ HIILFLHQF\ RI
&1&'6 7KH VLPXODWLRQ UHVXOWV VKRZQ WKDW WKH YDOXHV RI WRW1W 
WRW1U  DQG WKH &6 UHFRYHU\ 0HDQ 6TXDUHG (UURU 06( ZHUH
UHGXFHG E\   DQG  UHVSHFWLYHO\ %HVLGHV DQ
DGDSWLYH &1&'6 ZDV IXUWKHU SUHVHQWHG DFFRUGLQJ WR WKH
H[SUHVVLRQV DQG WKH YDOXHV RI WRW1W  DQG WRW1U ZHUH UHGXFHG E\
 DQG  UHVSHFWLYHO\ FRPSDUHG ZLWK &1&'6
$OWKRXJK WKH &6EDVHG VFKHPHV DERYH FDQ LPSURYH WKH
HQHUJ\ HIILFLHQF\ LW ZDV QRW VXLWDEOH IRU WKH ODUJH VFDOH :61V
YHU\ ZHOO 7R VWUHQJWKHQ WKH VFDODEOLW\ WKH &6EDVHG VFKHPH
ZDV LQWHJUDWHG ZLWK WKH &OXVWHULQJ DOJRULWKP /XR HW DO
SURSRVHG D &RPSUHVVLYH 'DWD *DWKHULQJ &'* IUDPHZRUN IRU
WKH ODUJHVFDOH ZLUHOHVV VHQVRU QHWZRUN IRU WKH ILUVW WLPH>@ ,Q
WKHLU SURSRVDO WKH VFHQDULR ZKHUH ORWV RI VHQVRU QRGHV ZHUH
GHQVHO\ GHSOR\HG ZDV WDNHQ LQWR FRQVLGHUDWLRQ 7KH WRWDO
FRPPXQLFDWLRQ FRVW ZDV UHGXFHG ZLWKRXW LQWURGXFLQJ PXFK
FRPSXWDWLRQ RU FRPSOLFDWHG WUDQVPLVVLRQ FRQWURO RYHUKHDG
6KHQ HW DO SURSRVHG D QRQXQLIRUP FRPSUHVVLYH VHQVLQJ
VFKHPH ZKLFK ZDV DSSOLHG WR WKH UHDO :61V GDWD VHW WR LPSURYH
WKH HQHUJ\ HIILFLHQF\ YLD H[SORLWLQJ ERWK GDWD FRPSUHVVLELOLW\
DQG KHWHURJHQHLW\>@ $OWKRXJK WKH &6EDVHG &OXVWHULQJ
VWUDWHJ\ LPSURYHG WKH HQHUJ\ HIILFLHQF\ WKH RYHUKHDG RI
&OXVWHU 0HPEHU LQFUHDVHG 7R RYHUFRPH WKH VKRUWDJH ;LH HW DO
SURSRVHG DQ HQHUJ\HIILFLHQW FOXVWHULQJ PHWKRG ZKLFK ZDV
LQWHJUDWHG ZLWK WKH K\EULG &6 WKHRU\>@ ,Q WKHLU VFKHPH WKH
GDWD DFTXLVLWLRQ RI LQWUDFOXVWHU DGRSWHG WKH 5DZ 'DWD
*DWKHULQJ 5'* DQG WKDW RI LQWHUFOXVWHU DSSOLHG WKH
&RPSUHVVLYH 'DWD *DWKHULQJ &'* =KDR HW DO SUHVHQWHG D
7UHHOHWEDVHG &OXVWHUHG &RPSUHVVLYH $JJUHJDWLRQ 7&&'$
LQ ZKLFK WKH WUHHOHW WUDQVIRUP ZDV DGRSWHG DV D VSDUVLILFDWLRQ
WRRO >@ %HVLGHV D QRYHO &OXVWHULQJ URXWLQJ ZDV SURSRVHG WR
LPSURYH WKH HQHUJ\ HIILFLHQF\ IXUWKHU E\ WDNLQJ DGYDQWDJH RI
WKH FRUUHODWLRQ VWUXFWXUHV ZKLFK ZDV EDVHG RQ WKH 7&&'$
VFKHPH 7R SURYLGH D KLJK HQHUJ\ HIILFLHQF\ IRU WKH ODUJH VFDOH
:61V WKH +LHUDUFKLFDO &RPSUHVVLYH 'DWD *DWKHULQJ +&'*
VWUDWHJ\ ZDV SURSRVHG /DQ HW DO SURSRVHG D
&RPSUHVVLELOLW\%DVHG &OXVWHULQJ $OJRULWKP &%&$ >@
ZKHUH WKH QHWZRUN WRSRORJ\ ZDV FRQYHUWHG LQWR D ORJLFDO FKDLQ
ZKLFK ZDV VLPLODU WR 3(*$6,6>@ /L HW DO SURSRVHG D QRYHO
HQHUJ\HIILFLHQW &RPSUHVVLYH6HQVLQJEDVHG 'DWD *DWKHULQJ
&6'* DOJRULWKP WR FXW GRZQ HQHUJ\ FRQVXPSWLRQ LQ WKH
FOXVWHUHG ZLUHOHVV VHQVRU QHWZRUN DQG H[SORLW D EHWWHU
UHFRQVWUXFWLRQ DFFXUDF\>@ 7KH UDQGRP VDPSOLQJ DQG UDQGRP
ZDONV ZHUH XWLOL]HG WR JHW HDFK PHDVXUHPHQW E\ VXPPLQJ D IHZ
VHQVRU\ GDWD XS 7KH\ SURYHG WKDW D FRQVWUXFWHG 10 u VSDUVH
ELQDU\ PDWUL[ ZDV HTXLYDOHQW WR WKH DGMDFHQF\ PDWUL[ RI DQ
XQEDODQFHG H[SDQGHU JUDSK ZKHQ VRPH FRQGLWLRQV ZHUH PHW
<DQ HW DO SUHVHQWHG DQ RSWLPDO &RPSUHVVHG 'DWD *DWKHULQJ
&'* IUDPHZRUN >@ ZKLFK DGRSWHG D 'LIIXVLRQ :DYHOHW
7UDQVIRUP 0DWUL[ ':70 DV WKH VSDUVH UHSUHVHQWDWLRQ RI WKH
FRPSUHVVHG GDWD %HVLGHV WKH\ SURSRVHG D QRYHO 0HDVXUHPHQW
0DWUL[ 2SWLPL]DWLRQ $OJRULWKP 002$ IRU WKH SURFHVV RI
DFTXLULQJ WKH FRPSUHVVHG GDWD ([FHSW IRU WKH VWUDWHJLHV DERYH
RWKHU HQHUJ\HIILFLHQW &RPSUHVVLYH 6HQVLQJEDVHG &OXVWHULQJ
VFKHPHV KDYH HPHUJHG UHFHQWO\ VXFK DV WKH 67+'$&6>@ WKH
FKDLQEDVHG GDWD JDWKHULQJ SURWRFRO>@ DQG WKH DGDSWLYH
DGMXVWPHQW RI FRPSUHVVHG PHDVXUHPHQWV>@
7KH DERYH &6EDVHG &OXVWHULQJ VWUDWHJLHV KDYH LPSURYHG WKH
HQHUJ\ HIILFLHQF\ WR VRPH H[WHQW +RZHYHU DOO RI WKHP
LPSURYHG WKH HQHUJ\ HIILFLHQF\ E\ UHGXFLQJ WKH HQHUJ\
FRQVXPSWLRQ UHVXOWHG IURP GDWD UHGXQGDQF\ ,Q IDFW WKH HQHUJ\
EDODQFH VKRXOG DOVR EH WDNHQ LQWR FRQVLGHUDWLRQ WR LPSURYH WKH
HQHUJ\ HIILFLHQF\ IXUWKHU 7KHUHIRUH LQ WKLV SDSHU ERWK WKH
HQHUJ\ EDODQFH DQG WKH HQHUJ\ RYHUKHDG RI FOXVWHU IRUPDWLRQ
ZHUH FRQVLGHUHG %HVLGHV WKH PHULWV RI ERWK WKH &RPSUHVVLYH
6HQVLQJ DQG &OXVWHULQJ ZHUH XWLOL]HG WR LPSURYH WKH HQHUJ\
HIILFLHQF\
,,, 35(/,0,1$5,(6
,Q WKLV VHFWLRQ WKH FRQFHSW RI &RPSUHVVLYH 6HQVLQJ DQG LWV
FRPSRQHQWV ZKLFK FRQVLVW RI WKH .VSDUVH VLJQDO WKH 5HVWULFWHG
,VRPHWU\ 3URSHUW\ 5,3 DQG WKH UHFRQVWUXFWLRQ DOJRULWKP ZHUH
SUHVHQWHG LQ GHWDLO 6XEVHTXHQWO\ WKH V\VWHP PRGHO DQG VRPH
DVVXPSWLRQV ZHUH SUHVHQWHG
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$ &RQFHSW RI &RPSUHVVLYH 6HQVLQJ
&RPSUHVVLYH 6HQVLQJ LV D NLQG RI QHZ SDUDGLJP ZKLFK
DSSOLHV WKH VLJQDO VSDUVLW\ WKH PDWKHPDWLFDO VWDWLVWLFV WKHRU\
DQG WKH RSWLPL]DWLRQ WKHRU\ WR WKH SURFHVV RI VLJQDO DFTXLVLWLRQ
,W ZDV ILUVWO\ SURSRVHG E\ ' 'RERKR ( &DQGHV DQG 5
%DUDQLXN ZKR SUHVHQWHG WKH IUDPHZRUN IRU &6 DV WKH
IRXQGDWLRQDO DFKLHYHPHQW>@ $FFRUGLQJ WR WKH 1\TXLVW
VDPSOLQJ WKHRUHP WKH VDPSOLQJ IUHTXHQF\ VKRXOG EH DW OHDVW
WZLFH DV PXFK DV WKH PD[LPXP IUHTXHQF\ RI WKH VRXUFH VLJQDO
2Q WKH FRQWUDU\ WKH &6 WKHRU\ PDNHV LW SRVVLEOH IRU WKH VSDUVH
VLJQDO RU WKH VLJQDO ZKLFK LV VSDUVH LQ D FHUWDLQ WUDQVIRUP
GRPDLQ WR EH SUHFLVHO\ UHFRYHUHG ZLWK PXFK ORZHU VDPSOLQJ
IUHTXHQF\ ZKLFK EULQJV LQ D UHPDUNDEOH UHGXFWLRQ RI HQHUJ\
FRQVXPSWLRQ 7KXV WKH &6 WKHRU\ PDNHV WKH VDPSOLQJ
IUHTXHQF\ HVFDSH IURP WKH GHSHQGHQFH RQ WKH VLJQDO EDQGZLGWK
%HVLGHV GLIIHUHQW IURP WKH WUDGLWLRQDO GDWD DJJUHJDWLRQ
WHFKQRORJ\ WKH VLJQDO FDQ EH VDPSOHG DQG FRPSUHVVHG DW WKH
VDPH WLPH )LQDOO\ WKH &6EDVHG GDWD DJJUHJDWLRQ RQO\ QHHG
VRPH DGG DQG PXOWLSO\ RSHUDWLRQV DQG WKH FRPSOH[ GDWD
UHFRYHU\ RSHUDWLRQ LV SHUIRUPHG E\ WKH 6LQN ZKRVH SURFHVVLQJ
FDSDFLW\ LV UHODWLYHO\ OLPLWOHVV $OO WKH IHDWXUHV DERYH PDNH WKH
&6EDVHG VDPSOLQJ VXLWDEOH IRU WKH ZLUHOHVV VHQVRU QHWZRUNV
% &RPSRQHQWV RI WKH &RPSUHVVLYH 6HQVLQJ 7KHRU\
 .VSDUVH 6LJQDO
6XSSRVH D ZLUHOHVV VHQVRU QHWZRUN FRQVLVWLQJ RI 1 QRGHV WKH
GDWD DFTXLUHG E\ QRGH L DUH GHQRWHG DV  1L[ L dd  7KHQ WKH
VRXUFH GDWD VHW FROOHFWHG E\ WKH ZLUHOHVV VHQVRU QHWZRUN FDQ EH
GHQRWHG DV     Q; [ [ [ [  7KH VLJQDO LV FDOOHG WR EH D
.VSDUVH VLJQDO LI IRU D VSDUVH WUDQVIRUP EDVLV Ȳ WKHUH H[LVWV D
FRHIILFLHQW PDWUL[ T ZKLFK PHHWV WKH IROORZLQJ FRQGLWLRQ
TT < d ;VW.____  ˈ 
ZKHUH T UHSUHVHQWV WKH VSDUVH FRHIILFLHQW PDWUL[ DQG ____T
GHQRWHV WKH QXPEHU RI QRQ]HUR HOHPHQWV LQ WKH PDWUL[ T 
 5HVWULFWHG ,VRPHWU\ 3URSHUW\ 5,3
7R REWDLQ WKH YDOLG LQIRUPDWLRQ IURP WKH .VSDUVH VLJQDO D
0 1u PHDVXUHPHQWV PDWUL[ ) LV QHHGHG 7KHQ WKH
PHDVXUHPHQWV FDQ EH UHSUHVHQWHG DV ;\ )  ZKHUH T< ; 
7KH IRXQGDWLRQ RI &RPSUHVVLYH 6HQVLQJ OLHV LQ WKH IDFW WKDW WKH
u0 PHDVXUHPHQW YHFWRU LV ILQDOO\ REWDLQHG WKURXJK D
SURSHUO\GHVLJQHG PHDVXUHPHQW PDWUL[ 6LQFH 10  LV
DOZD\V HVWDEOLVKHG WKH UDWH RI FRPSUHVVLYH VHQVLQJ LV IDU OHVV
WKDQ WKDW RI WKH 1\TXLVW VDPSOLQJ WKHRU\
7R SUHFLVHO\ UHFRYHU WKH VRXUFH GDWD IURP WKH PHDVXUHPHQWV
WKH PHDVXUHPHQW PDWUL[ ) LV QHHGHG WR VDWLVI\ WKH 5HVWULFWHG
,VRPHWU\ 3URSHUW\ 5,3 1DPHO\ IRU DQ\ VLJQDO [  LI WKHUH
H[LVWV D SDUDPHWHU   NN GG ZKLFK VDWLVILHV WKH IROORZLQJ
LQHTXDOLW\
  
    __ __ __ __   __ __N N0 0[ [ [1 1G G d ) d  
WKHQ WKH PHDVXUHPHQWV PDWUL[ ) VDWLVILHV WKH 5,3 $V IRU WKH
PHDVXUHPHQW PDWUL[ WKH URZ VWDQGV IRU WKH QXPEHU RI
PHDVXUHPHQWV DQG WKH FROXPQ GHQRWHV WKH QXPEHU RI VHQVRU
QRGHV UHVSHFWLYHO\ *HQHUDOO\ VSHDNLQJ WKH UHODWLRQVKLS
EHWZHHQ 0 DQG . QHHGV WR PHHW WKH IROORZLQJ FRQGLWLRQ
1.0 ORJt 
,W GHGLFDWHV WKDW WKH &6 WKHRU\ EULQJV LQ D UHPDUNDEOH UHGXFWLRQ
RI GDWD DFTXLUHG DQG WUDQVPLWWHG
 5HFRQVWUXFWLRQ $OJRULWKP
)RU WKH PHDVXUHPHQWV FROOHFWHG E\ WKH :61V 5,3 LV D
VXIILFLHQW FRQGLWLRQ IRU WKHP WR EH DFFXUDWHO\ UHFRYHUHG 9LD
WKH PHDVXUHPHQW PDWUL[ )  WKH PHDVXUHPHQW \ FDQ EH
REWDLQHG DV WKH IROORZLQJ H[SUHVVLRQ
;\ ) 
7KH VRXUFH GDWD ; FDQ EH SUHFLVHO\ UHFRYHUHG E\ VROYLQJ WKH
IROORZLQJ OQRUP RSWLPL]DWLRQ SUREOHP
TT
T
)< \WV ____ PLQ 
7KHUHIRUH WKH VRXUFH VLJQDO FDQ EH GHQRWHG DV IROORZLQJ
H[SUHVVLRQ


 T< ; 
ZKHUH 
T VWDQGV IRU WKH VROXWLRQ RI WKH OQRUP SUREOHP
+RZHYHU LW KDV EHHQ SURYHQ WKDW WKH VROXWLRQ RI OQRUP LV D
13+DUG SUREOHP RZLQJ WR WKH GHPDQG IRU OLVWLQJ DOO WKH
SRVVLEOH FRPELQDWLRQV RI YHFWRU ߠ  :KHQ WKH GLPHQVLRQ
EHFRPHV ODUJHU LW LV KDUGHU WR REWDLQ WKH RSWLPDO VROXWLRQ
)RUWXQDWHO\ 'RQRER SRLQWHG RXW WKDW WKH RSWLPDO VROXWLRQ RI
OQRUP FDQ DSSUR[LPDWHO\ UHSODFH WKDW RI WKH OQRUP SUREOHP
LI WKH PHDVXUHPHQW PDWUL[ ) PHHWV 5,3>@ 7KHUHIRUH WKH
UHFRYHU\ RI WKH VRXUFH GDWD FDQ EH WXUQHG LQWR WKH IROORZLQJ
OQRUP FRQYH[ RSWLPL]DWLRQ SUREOHP
TTT )<  \WV ____PLQDUJ  
7KHQ WKH IROORZLQJ ([SUHVVLRQ  LV WKH DSSUR[LPDWH YDOXH RI
WKH VRXUFH GDWD
 T< [ 
& 6\VWHP 0RGHO DQG 6RPH $VVXPSWLRQV
 (QHUJ\ &RQVXPSWLRQ 0RGHO
7KH VHQVRU QRGH GHSOHWHV WKH HQHUJ\ ZKHQ LW VHQVHV UHFHLYHV
DQG WUDQVPLWV GDWD 7KHUH DUH GLIIHUHQW RSHUDWLRQ PRGHV ZKLFK
KDYH ODUJH LQIOXHQFH RQ WKH HQHUJ\ FRQVXPSWLRQ IRU WKH VHQVRU
QRGH *HQHUDOO\ VSHDNLQJ WKHUH DUH IRXU PRGHV IRU WKH VHQVRU
QRGH QDPHO\ WKH ,'/( 75$160,7 5(&(,9( DQG 6/((3
PRGHV +RZHYHU PRVW RI WKH HQHUJ\ LV FRQVXPHG IRU
WUDQVPLWWLQJ DQG UHFHLYLQJ GDWD 6KLK HW DO SRLQWHG RXW DW WKH
0RELFRP PHHWLQJ LQ  WKDW PRVW RI WKH VHQVRU¶V HQHUJ\ ZDV
FRQVXPHG LQ WKH FRPPXQLFDWLQJ PRGXOH DQG WKH HQHUJ\
FRQVXPSWLRQ LQ WKH 6/((3 PRGH ZDV XVXDOO\ QHJOLJLEOH>@ 6R
WKH HQHUJ\ HIILFLHQF\ FDQ EH ODUJHO\ LPSURYHG LI WKH
FRPPXQLFDWLRQ FRVW LV FXW GRZQ
,Q WKLV SDSHU WKH ILUVWRUGHU UDGLR PRGHO>@>@>@ ZDV DGRSWHG
WR GHVFULEH WKH HQHUJ\ FRQVXPSWLRQ IRU D QRGH¶V WUDQVPLVVLRQ
1DPHO\ WKH HQHUJ\ IRU D VHQVRU QRGH WR WUDQVPLW D NELWV SDFNHW
WR DQRWKHU QRGH RYHU GLVWDQFH G HTXDOV
 DH G(NH DPSHOHFW[  
ZKHUH HOHF( LV WKH HQHUJ\ FRQVXPHG LQ WKH WUDQVPLWWHU FLUFXLW
DPSH LV WKH WUDQVPLWWHU DPSOLILHU DQG  D Dd d GHQRWHV WKH
SURSDJDWLRQ ORVV H[SRQHQW ,Q GHWDLO D LV  IRU IUHH VSDFH DQG
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LQFUHDVHV WR  ZKHQ HQFRXQWHULQJ REVWDFOHV 2Q WKH RWKHU KDQG
WR UHFHLYH D NELWV SDFNHW WKH FRUUHVSRQGLQJ HQHUJ\ GLVVLSDWLRQ
ZDV VKRZQ DV ([SUHVVLRQ 
HOHFU[ N(H  
 1HWZRUN 7RSRORJ\
)LJ 1HWZRUN WRSRORJ\ XWLOL]HG LQ WKLV SDSHU
,Q WKLV SDSHU DVVXPH D VHFWRUVKDSHG QHWZRUN ZDV GLYLGHG
LQWR N OD\HUV 7KH FHQWUDO DQJOH RI WKH VHFWRU ZDV GHQRWHG DV T 
7KLV WRSRORJ\ ZDV VLPLODU WR ZKDW ZDV DGRSWHG LQ 5HIHUHQFHV
>@>@ 7KH 6LQN ZDV GHSOR\HG DW WKH FHQWHU DQG HDFK
ULQJVKDSHG DUHD ZDV G LQ ZLGWK MXVW DV VKRZQ LQ )LJ
:LWKRXW ORVV RI JHQHUDOLW\ WKH VHFWRU UHJLRQ FDQ EH HLWKHU DQ
DEVROXWH PRQLWRU DUHD RU MXVW D SDUW RI D ODUJHU JHQHUDO UHJLRQ
7KHUHIRUH WKH FRQFOXVLRQ RQ WKH RSWLPDO FOXVWHU VL]H LQ VHFWLRQ
,9 FDQ EH DOVR DSSOLHG WR WKH UHJLRQ RI DQ\ VKDSHV VXFK DV
UHFWDQJOH VTXDUH WULDQJOH DQG VR RQ
 $VVXPSWLRQV DQG 6\PEROV
)RU WKH VDNH RI VLPSOLFLW\ VRPH DVVXPSWLRQV DQG V\PEROV
ZHUH LQWURGXFHG DV IROORZ
$OO WKH QRGHV WUDQVPLW WKH GDWD DW WKH IL[HG SRZHU WKHUHIRUH
WKH WUDQVPLVVLRQ UDGLXV LV DOVR FRQVWDQW ,Q WKLV SDSHU WKH
WUDQVPLVVLRQ UDGLXV ZDV DVVXPHG WR EH D 1RQH RI WKH QRGHV FDQ
EH UHSOHQLVKHG RQFH GHSOR\HG 2Q WKH FRQWUDU\ WKH 6LQN KDV
LQILQLWH HQHUJ\ VXSSO\ DQG SURFHVV FDSDFLW\
7KH QRGHV ZHUH LQGHSHQGHQWO\ DQG HYHQO\ GLVWULEXWHG LQ WKH
QHWZRUN WRSRORJ\ JHQHUDOO\ VSHDNLQJ WKH GLVWULEXWLRQ IROORZV
WKH 3RLVVRQ 3RLQW 3URFHVV>@>@>@>@
(DFK VHQVRU QRGH NHSW VWDWLRQDU\ RQFH GHSOR\HG DQG ZDV
DFFXUDWHO\ DZDUH RI LWV RZQ ORFDWLRQ DQG WKH FRRUGLQDWH ZLWK WKH
KHOS RI *36 RU DQ\ RWKHU ORFDWLRQ WHFKQRORJLHV>@>@ 7KH
ORFDWLRQ FDQ EH XVHG IRU VHOHFWLQJ DQG DQQRXQFLQJ WKH
LQIRUPDWLRQ RQ WKH &OXVWHU +HDG
7KH GDWD ZHUH JHQHUDWHG DW WKH VDPH UDWH E\ DOO WKH QRGHV
WKHUHE\ WKH DPRXQW RI GDWD ZKLFK WKH QHWZRUN JHQHUDWHG ZDV
SURSRUWLRQDO WR WKH DUHD RI WKH QHWZRUN WRSRORJ\
,9 7+(25(7,&$/ %$6,6
,Q WKLV VHFWLRQ WKH WKHRU\ RI WKH RSWLPDO FOXVWHU VL]H ZDV
SURSRVHG 6RPH OHPPDV DQG WKH FRUUHVSRQGLQJ SURRIV ZHUH
SUHVHQWHG ILUVWO\ 6XEVHTXHQWO\ WKH UROH RI WKH %DFNXS &OXVWHU
+HDG %&+ DQG WKH URWDWLRQ PHFKDQLVP EHWZHHQ WKH &OXVWHU
+HDG DQG WKH %DFNXS &OXVWHU +HDG ZHUH SURSRVHG
$ /HPPDV
/HPPD  $VVXPH WKH QXPEHU RI FOXVWHUV DW WKH NWK OD\HU LV
N1 DQG WKDW RI WKH FOXVWHUV DW WKH NWK OD\HU LV GHQRWHG DV
N1  WKH\ QHHG WR PHHW WKH FRQGLWLRQ
NN 10GN1    T LQ RUGHU WR NHHS WKH HQHUJ\
FRQVXPSWLRQ RI WKH WZR DGMDFHQW OD\HUV DSSUR[LPDWHO\ HTXDO
3URRI ,Q RUGHU WR NHHS WKH HQHUJ\ FRQVXPSWLRQ RI DOO WKH
OD\HUV DW DQ HTXLOLEULXP VWDWH WKH IROORZLQJ H[SUHVVLRQ VKRXOG
EH PHW

     NNNN 011GN011GN TT

7KHUHIRUH WKH IROORZLQJ UHODWLRQVKLS EHWZHHQ N1 DQG N1
FDQ EH REWDLQHG
NN 10GN1    T 
,Q ([SUHVVLRQ  WKH HQHUJ\ FRQVXPSWLRQ IRU ERWK WKH
WUDQVPLWWHU DQG UHFHLYHU EHWZHHQ WKH WZR DGMDFHQW OD\HUV ZDV
WDNHQ LQWR FRQVLGHUDWLRQ 7KHUHIRUH WKH HQHUJ\ XVHG IRU
WUDQVPLWWLQJ GDWD IURP WKH &OXVWHU 0HPEHUV WR WKHLU
FRUUHVSRQGLQJ &OXVWHU +HDGV DOVR QHHGV WR EH WDNHQ LQWR
DFFRXQW LQ RUGHU WR PD[LPL]H WKH QHWZRUN OLIHWLPH $FFRUGLQJ
WR /HPPD WKH YDOXHV RI HQHUJ\ FRQVXPSWLRQ RI DOO WKH OD\HUV
DSSHDU WR EH HTXLYDOHQW VR WKH HQHUJ\ FRQVXPSWLRQ RI WKH
ZKROH WRSRORJ\ LV PLQLPL]HG LI WKDW RI WKH RXWHUPRVW OD\HU LV
PLQLPXP
/HPPD 2Q WKH NWK OD\HU RI WKH QHWZRUN WRSRORJ\ WKH
PHDQ KRS FRXQW IRU HDFK &OXVWHU 0HPEHU LV N1D S  ZKHUH D
GHQRWHV WKH FRQVWDQW WUDQVPLVVLRQ UDGLXV IRU HDFK VHQVRU QRGH
3URRI 7KH QXPEHU RI WKH FOXVWHUV DW WKH RXWHUPRVW OD\HU LV
GHQRWHG DV N1  WKHQ WKH RSWLPDO VL]H RI WKH FOXVWHU LV
HVWDEOLVKHG DV IROORZ
N1GN  T 
$FFRUGLQJ WR WKH DVVXPSWLRQV WKH WUDQVPLVVLRQ UDGLXV RI HDFK
VHQVRU QRGH ZDV IL[HG WR EH D 7KHUHIRUH WKH DYHUDJH QXPEHU RI
WKH WUDQVPLVVLRQ UDQJH LV
  DGN ST 
7KH PHDQ KRS FRXQW IRU HDFK VHQVRU QRGH LV REWDLQHG DV
([SUHVVLRQ 




DGN
1GN N
ST
T

 
$IWHU VLPSOLILFDWLRQ /HPPD LV SURYHG
/HPPD 7KH QXPEHU RI FOXVWHUV DW WKH NWK OD\HU WR
PLQLPL]H WKH HQHUJ\ FRQVXPSWLRQ LV
0NGD1 N ST 
   ZKHUH G D DQG0 DUH WKH ZLGWK RI
WKH NWK OD\HU WKH WUDQVPLVVLRQ UDGLXV RI HDFK VHQVRU QRGH DQG
WKH DPRXQW RI PHDVXUHPHQWV WKDW HDFK FOXVWHU KHDG QHHGV WR
WUDQVPLW LQ HDFK URXQG UHVSHFWLYHO\
3URRI )RU WKH VDNH RI VLPSOLFLW\ WKH HQHUJ\ FRQVXPSWLRQ RI
WKH NWK OD\HU LV GHQRWHG DV N& ZKLFK FRQVLVWV RI WKH
LQWUDFOXVWHU DQG WKH LQWHUFOXVWHU HQHUJ\ FRQVXPSWLRQ
$FFRUGLQJ WR WKH HQHUJ\ FRQVXPSWLRQ PRGHO LQ 6HFWLRQ ,,, WKH
HQHUJ\ FRQVXPSWLRQ IRU SHU XQLW SDFNHW LV SURSRUWLRQDO WR WKH
VTXDUH RU HYHQ IRXUWK SRZHU RI WKH WUDQVPLVVLRQ GLVWDQFH
%HVLGHV DFFRUGLQJ WR WKH DVVXPSWLRQ WKH QRGH WUDQVPLWV GDWD
ZLWK WKH FRQVWDQW WUDQVPLVVLRQ UDGLXV ZKLFK PDNHV ߙ HTXDO WR 
LQ WKLV SDSHU 7KHUHIRUH WKH KRS FRXQW LV DGRSWHG WR UHSODFH WKH
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VTXDUH RI WUDQVPLVVLRQ GLVWDQFH WR PDNH WKH DQDO\VLV EULHIHU
6XEVHTXHQWO\ WKH YDOXH RI N& FDQ EH HVWDEOLVKHG DV IROORZ
NNNN 011D1GN&    ST 
7KH GHULYDWLYH RI N& FDQ EH REWDLQHG DV IROORZ
01DGN& NN   
 ST 
WKHUHIRUH ZKHQ ([SUHVVLRQ 0NGD1 N ST 
  LV PHW
WKH HQHUJ\ FRQVXPSWLRQ RI WKH NWK OD\HU LV PLQLPXP
/HPPD /HW 6LQNNG  GHQRWH WKH GLVWDQFH IURP WKH QRGH O\LQJ
LQ WKH NWK OD\HU WR WKH 6LQN WKH HQHUJ\ FRQVXPSWLRQ RI HDFK
FOXVWHU LV PLQLPL]HG LI FRQGLWLRQ TT GNG 6LQNN VLQ   LV
PHW ZKLFK PDNHV WKH &OXVWHU +HDG GLVWULEXWLRQ RSWLPDO
)LJ 7KH RSWLPDO ORFDWLRQ RI &+
3URRI $V VKRZQ LQ )LJ DVVXPH WKH DUHD RI WKH NWK OD\HU
HTXDOV WR WKH VL]H RI D FOXVWHU IRU WKH VDNH RI FRQYHQLHQFH 7KH
&OXVWHU +HDG OLHV LQ WKH ORFDWLRQ ZKLFK LV [ IDU DZD\ IURP WKH
6LQN %HVLGHV DVVXPH DQRWKHU QRGH ZKLFK LV UDQGRPO\
GLVWULEXWHG DW WKH SRLQW ZKLFK LV D IDU DZD\ IURP WKH &OXVWHU
+HDG ,W DFWV DV D &OXVWHU 0HPEHU 2EYLRXVO\ WKH ORFDWLRQ RI WKH
&+ PDNHV WKH HQHUJ\ FRQVXPSWLRQ PLQLPDO ZKHQ PHHWLQJ WKH
FRQGLWLRQ WKDW WKH ZKROH GLVWDQFH RI DOO WKH &0V WR WKH
FRUUHVSRQGLQJ &+V VKRXOG EH NHSW PLQLPDO WR FXW GRZQ WKH
HQHUJ\ FRQVXPSWLRQ DV PXFK DV SRVVLEOH 7KH VTXDUH RI WKH
GLVWDQFH IURP DQ DUELWUDU\ &OXVWHU 0HPEHU WR WKH
FRUUHVSRQGLQJ &OXVWHU +HDG LV GHQRWHG DV EHORZ
IFRV [UU[D  
+HQFH WKH VXP RI WKH VTXDUH RI WKH GLVWDQFH IURP DOO WKH
&0V WR WKH FRUUHVSRQGLQJ &+ LQ RQH FOXVWHU FDQ EH REWDLQHG DV
IROORZ
GUG[UU[D NG GN IITT FRV    ³³¦  
)LQDOO\ WKH IROORZLQJ ([SUHVVLRQ FDQ EH REWDLQHG
 VLQ GNN[GNG[D  ¦ TTT 
7KH FRQFOXVLRQ WKDW ¦ D LV PLQLPDO ZKHQ
TT GN[ VLQ  LV PHW FDQ EH GUDZQ $FFRUGLQJ WR WKH
HQHUJ\ FRQVXPSWLRQ PRGHO WKH HQHUJ\ FRQVXPSWLRQ FDQ EH
PLQLPL]HG ZKHQ ([SUHVVLRQ  LV HVWDEOLVKHG
% 5DWLR RI (QHUJ\ WR 'LVWDQFH
$V IRU WKH WUDGLWLRQDO FOXVWHULQJ DOJRULWKP WKH &OXVWHU +HDG
EHDUV D KHDYLHU WUDIILF EXUGHQ WKDQ WKH &OXVWHU 0HPEHU
7KHUHIRUH D &+ GLVVLSDWHV HQHUJ\ IDVWHU WKDQ LWV FRUUHVSRQGLQJ
&0V ,Q RUGHU WR DFKLHYH WKH HQHUJ\ FRQVXPSWLRQ EDODQFH WKH
PHFKDQLVP RI URWDWLQJ WKH UROH RI WKH VHQVRU QRGH ZDV DGRSWHG
LQ WKH SDSHU 7KH UROHV RI WKH VHQVRU QRGH ZHUH URWDWHG
SHULRGLFDOO\ WR DOOHYLDWH WKH ³+RW 6SRW 3UREOHP´ ,Q WKH SKDVH RI
URWDWLRQ WKH FDQGLGDWH H[FKDQJHV PHVVDJH WR EHFRPH &+ YLD
EURDGFDVW $SSDUHQWO\ WKH ODUJH DPRXQW RI WKH EURDGFDVW SDFNHW
OHDGV WR WKH TXLFN GLVVLSDWLRQ RI HQHUJ\ DQG WKH WHUPLQDWLRQ RI
QHWZRUN OLIHVSDQ
,Q RUGHU WR UHGXFH WKH HQHUJ\ FRQVXPSWLRQ UHVXOWHG IURP WKH
&OXVWHU +HDGV VHOHFWLRQ WKH FRQFHSW RI D UDWLR RI WKH UHVLGXDO
HQHUJ\ WR WKH GLVWDQFH ZDV SURSRVHG LQ WKLV SDSHU ,W UHSUHVHQWHG
WKH UDWLR RI D QRGH¶V UHVLGXDO HQHUJ\ WR WKH GLVWDQFH IURP LWVHOI
WR WKH FRUUHVSRQGLQJ &OXVWHU +HDG )RU WKH VDNH RI EULHIQHVV LW
ZDV GHQRWHG DV G(U   ,Q WKLV SDSHU LWV PDWKHPDWLFDO GHILQLWLRQ
ZDV SUHVHQWHG DV IROORZ
&+VUHVG( G(U   
ZKHUH UHV( DQG &+VG  UHSUHVHQWHG WKH UHVLGXDO HQHUJ\ RI WKH
VHQVRU QRGH DQG WKH GLVWDQFH IURP LWVHOI WR WKH FRUUHVSRQGLQJ
&OXVWHU +HDG UHVSHFWLYHO\
& %DFNXS &OXVWHU +HDG
,Q RUGHU WR DYRLG H[KDXVWLQJ WKH HQHUJ\ RI WKH &OXVWHU +HDG
DKHDG RI WLPH RZLQJ WR LWV KHDYLHU HQHUJ\ FRQVXPSWLRQ EXUGHQ
WKH PHFKDQLVP RI URWDWLQJ WKH UROH RI WKH &OXVWHU +HDG ZDV
DGRSWHG WR PDNH WKH HQHUJ\ FRQVXPSWLRQ PRUH HYHQO\
&RPSDUHG ZLWK WKH WUDGLWLRQDO FOXVWHULQJ DOJRULWKP D WKLUG UROH
ZKLFK LV FDOOHG WKH %DFNXS &OXVWHU +HDG %&+ ZDV SUHVHQWHG
LQ WKLV SDSHU LQ DGGLWLRQ WR WKH UROHV RI WKH &OXVWHU +HDG DQG WKH
&OXVWHU 0HPEHU 6SHFLILFDOO\ WKH QRGH ZLWK WKH VHFRQG ODUJHVW
YDOXH RI ( GU  ZDV VHOHFWHG DV WKH %DFNXS &OXVWHU +HDG E\ WKH
SUHVHQW &OXVWHU +HDG 7KH YDOXH DQG ,' RI WKH %DFNXS &OXVWHU
+HDG ZHUH NHSW LQ WKH SUHVHQW &OXVWHU +HDG¶V PHPRU\ %HVLGHV
WKH %DFNXS &OXVWHU +HDG ZDV LQIRUPHG LWV UROH E\ WKH SUHVHQW
&OXVWHU +HDG YLD XQLFDVW
9 (1(5*<()),&,(17 &2035(66,9( 6(16,1*%$6('
&/867(5,1* 5287,1* ((&65 35272&2/
$ ,QWURGXFWLRQ RI WKH ((&65 $OJRULWKP
7KH ZKROH QHWZRUN WRSRORJ\ ZDV PRGHOHG DV DQ XQGLUHFWHG
JUDSK !  (9*   ZKHUH WKH YHUWH[ VHW 9 FRQVLVWHG RI DOO WKH
VHQVRU QRGHV DV ZHOO DV WKH 6LQN DQG WKH HGJH VHW ( ZDV
FRPSRVHG RI WKH DFWLYH ZLUHOHVV OLQN ZKLFK FRQQHFWV DQ\ WZR
QRGHV LQ VHW 9  )RU DQ\ WZR QRGHV LY DQG MY LQ WKH VHW 9  WKH
ZLUHOHVV OLQN ZDV DFWLYH LI WKH IROORZLQJ FRQGLWLRQ ZDV
HVWDEOLVKHG
DYY ML d __ 
ZKHUH __ ML YY  GHQRWHG WKH (XFOLGHDQ GLVWDQFH EHWZHHQ QRGHV
LY DQG MY 
2QFH WKH 6LQN REWDLQV WKH QXPEHU RI FOXVWHUV DW HDFK OD\HU LW
ZLOO GHWHUPLQH WKH RSWLPDO &OXVWHU +HDG GLVWULEXWLRQ
6XEVHTXHQWO\ WKH 6LQN EURDGFDVWV WKH &OXVWHU +HDG
LQIRUPDWLRQ WR DOO WKH &OXVWHU 0HPEHUV *HQHUDOO\ VSHDNLQJ
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WKH EURDGFDVW FRQWDLQV WKH RSWLPDO ORFDWLRQ RI WKH &OXVWHU +HDGV
DQG WKH FRUUHVSRQGLQJ OD\HU ,'
7KH DOJRULWKP LQ WKLV SDSHU DGRSWHG WKH &RPSUHVVLYH
6HQVLQJ WKHRU\ DQG WKHUH ZHUH WZR NLQGV RI GDWD FROOHFWLQJ
PRGHV 6SHFLILFDOO\ WKH LQWUDFOXVWHU GDWD FROOHFWLRQ DQG
LQWHUFOXVWHU GDWD FROOHFWLRQ FRH[LVWHG LQ WKH ZKROH QHWZRUN
WRSRORJ\ 7KH LQWUDFOXVWHU GDWD ZHUH FROOHFWHG YLD
&RPSUHVVLYH 'DWD *DWKHULQJ &'* PRGH DQG WKH
FRPSUHVVHG GDWD ZHUH WUDQVPLWWHG WR WKH XSVWUHDP &+V YLD
³KRSE\KRS´ PRGH 7KHUHIRUH HDFK FOXVWHU DFTXLUHG WKH
VRXUFH GDWD YLD &'* PRGH LQGHSHQGHQWO\ $QG WKH
FRPSUHVVHG GDWD ZHUH WUDQVPLWWHG DPRQJ WKH &+V ZLWKRXW
DQ\ IXUWKHU SURFHVV WR WKH 6LQN $V IRU WKH FOXVWHU FRQVLVWHG
RI LVRODWHG QRGH LW FROOHFWHG WKH GDWD YLD 5'* PRGH 6LQFH
WKH ZKROH ODUJH VFDOH WRSRORJ\ ZDV GLYLGHG LQWR VPDOO
WRSRORJ\ LW SURYLGHG D KLJKHU 6FDODELOLW\ :KHQ WKH 6LQN
UHFHLYHG WKH GDWD IURP HDFK FOXVWHU LW FRQGXFWHG
UHFRQVWUXFWLRQ DOJRULWKP
% 'HWDLOV RI WKH ((&65 3URWRFRO
,Q WKLV VHFWLRQ WKH (QHUJ\(IILFLHQW &RPSUHVVLYH
6HQVLQJEDVHG FOXVWHULQJ 5RXWLQJ ((&65 SURWRFRO ZDV
GHWDLOHG 2Q WKH ZKROH LW LQFOXGHG WKUHH PDLQ SKDVHV QDPHO\
WKH FOXVWHU IRUPDWLRQ SKDVH WKH VSDQQLQJ WUHH FRQVWUXFWLRQ
SKDVH DQG WKH GDWD DFTXLVLWLRQ SKDVH 7KH JHQHUDWLRQ DQG WKH
DQQRXQFHPHQW RI WKH &OXVWHU +HDG DQG WKH SURFHVV RI WKH
&OXVWHU 0HPEHU¶V FKRRVLQJ WKH RSWLPDO &OXVWHU +HDG KDSSHQHG
LQ WKH FOXVWHULQJ SKDVH 7KH VSDQQLQJ WUHH FRQVWUXFWLRQ SKDVH
JHQHUDWHG D VKRUWHVW SDWK IURP WKH &OXVWHU +HDGV WR WKH 6LQN $V
IRU WKH GDWD WUDQVPLVVLRQ SKDVH WKH GDWD FROOHFWHG E\ WKH VHQVRU
QRGHV ZHUH WUDQVPLWWHG WR WKH 6LQN WKURXJK KRSE\KRS´
PRGH
 &OXVWHU )RUPDWLRQ 3KDVH
2QFH WKH 6LQN JRW WKH YDOXHV RI WKH SDUDPHWHUV QDPHO\ G D
N DQG 0 LW FDOFXODWHG WKH RSWLPDO QXPEHU RI FOXVWHUV DW HDFK
OD\HU EDVLQJ RQ ([SUHVVLRQ  6XEVHTXHQWO\ WKH &OXVWHU
+HDGV RI HDFK OD\HU ZHUH VHOHFWHG DFFRUGLQJ WR WKH RSWLPDO
QXPEHU RI &OXVWHU +HDG DW WKH     LWK L N OD\HU DQG WKH
QXPEHU RI &OXVWHU +HDG ZDV GHWHUPLQHG WR EH
 NL1 L   6SHFLILFDOO\ WKH 6LQN DQQRXQFHG DOO WKH
LQIRUPDWLRQ DERXW WKH RSWLPDO QXPEHU RI &+ DQG WKH RSWLPDO
&OXVWHU +HDG GLVWULEXWLRQ WR DOO WKH VHQVRU QRGHV LQ WKH IRUP RI
EURDGFDVW 2QFH REWDLQLQJ WKH EURDGFDVW IURP WKH 6LQN WKH
VHQVRU QRGH FDOFXODWHG WKH UDWLR RI WKH UHVLGXDO HQHUJ\ WR WKH
GLVWDQFH DQG NHSW LW LQ LWV PHPRU\ 6XEVHTXHQWO\ HDFK QRGH
IORRGHG D W\SH RI SDFNHW +(//2 ZKLFK FRQWDLQHG WKH &OXVWHU
+HDG ,' DQG WKH YDOXH RI G(U  WR VHOHFW WKH RSWLPDO &OXVWHU
+HDG 7KH QRGH FRPSDUHG WKH UDWLR ZLWK LWV RZQ ZKHQ UHFHLYLQJ
WKH +(//2 SDFNHWV ,I LWV RZQ UDWLR ZDV VPDOOHU WKH QRGH
FKRVH WKH QRGH LGHQWLILHG E\ WKH SDFNHW WR EH &+ DQG IRUZDUGHG
WKH SDFNHW WR LWV XSVWUHDP QHLJKERU 2WKHUZLVH LW GLVFDUGHG WKH
SDFNHW DQG JHQHUDWHG D QHZ FOXVWHU KHDG VHOHFWLRQ SDFNHW
5HSHDWHG WKH DERYH VWHSV XQWLO DOO WKH VHQVRU QRGHV MRLQHG WKH
FOXVWHUV )RU WKH QRGH ZKR KDV QRW UHFHLYHG DQ\ +(//2
SDFNHWV LW VHOHFWHG LWVHOI WR EH WKH &OXVWHU +HDG WR IRUP DQ
LVRODWHG FOXVWHU ZKLFK RQO\ FRQWDLQV LWVHOI
$W WKH HQG RI HDFK URXQG WKH &OXVWHU +HDG FRPSDUHG LWV
RZQ UDWLR ( GU  ZLWK WKDW RI WKH %DFNXS &OXVWHU +HDG LW
ZRXOG KDQG RYHU WKH UROH RI WKH &OXVWHU +HDG WR WKH %DFNXS
&OXVWHU +HDG LI LWV RZQ UDWLR ZDV VPDOOHU WKDQ WKDW RI WKH
%DFNXS &OXVWHU +HDG ,Q WKLV PDQQHU WKH URWDWLRQ KDSSHQHG
EHWZHHQ WKH &OXVWHU +HDG DQG WKH %DFNXS &OXVWHU +HDG WR
UHGXFH WKH URWDWLRQ RYHUKHDG $IWHU WKH %DFNXS &OXVWHU +HDG
UHFHLYHG WKH KDQGRYHU PHVVDJH IURP WKH &OXVWHU +HDG LW
EURDGFDVWHG WR LQIRUP DOO WKH &OXVWHU 0HPEHUV 7KHUHIRUH LW
WXUQHG WR WKH QH[W FOXVWHU IRUPDWLRQ SKDVH $W WKH VDPH WLPH
WKH QHZ &OXVWHU +HDG JHQHUDWHG WKH QHZ %DFNXS &OXVWHU
+HDG EDVLQJ RQ WKH UDWLR RI WKH &OXVWHU 0HPEHUV
 6SDQQLQJ 7UHH &RQVWUXFWLRQ 3KDVH
2QFH DOO WKH &OXVWHU +HDGV KDYH EHHQ VHOHFWHG WKH EDFNERQH
URXWLQJ WUHH QHHGHG WR EH FRQVWUXFWHG 7KH YHUWH[HV RI WKH
EDFNERQH URXWLQJ WUHH FRQVLVWHG RI DOO WKH &OXVWHU +HDGV DQG WKH
6LQN )RU WKH VDNH RI VLPSOLFLW\ WKH FRQFHSW RI VXEJUDSK ZDV
SUHVHQWHG LQ WKLV VHFWLRQ 6XSSRVH DOO WKH &OXVWHU +HDGV
FRQVWLWXWHG WKH YHUWH[ VHW &+9  WKHQ WKH VXEJUDSK LQWURGXFHG
E\ &+9 DQG WKH 6LQN ZDV GHQRWHG DV @> 


 (99*   ,Q WKH
VXEJUDSK @> 
9*  WKH VHW 
9 ZDV WKH XQLRQ RI &+9 DQG `^6LQN 
QDPHO\ `^
 6LQN99 &+   DQG HGJH VHW 
( FRQVLVWHG RI WKH
ORJLFDO SDWKV IURP WKH &OXVWHU +HDGV WR WKH 6LQN ,W ZDV REYLRXV
WKDW WKH VXEJUDSK @> 
9* ZDV D NLQG RI FRPSOHWH JUDSKV 7KH
6KRUWHVW 3DWK 7UHH 637 FDQ EH LQWURGXFHG E\ WKH VXEJUDSK
@> 
9* DQG WKHQ WKH EDFNERQH URXWLQJ WUHH ZDV HVWDEOLVKHG
 'DWD $FTXLVLWLRQ 3KDVH
7KH &+ JHQHUDWHG WKH SVHXGRUDQGRP VHHG ZKLFK ZDV XVHG
IRU JHQHUDWLQJ WKH VXEPHDVXUHPHQWV PDWUL[ DQG VHQW LW WR LWV
&0V 6XEVHTXHQWO\ WKH &0V JHQHUDWHG WKH VXEPHDVXUHPHQW
DQG HDFK FOXVWHU DFTXLUHG WKH GDWD YLD WKH &'* PRGH DFFRUGLQJ
WR WKH VXEPHDVXUHPHQW $V IRU WKH LVRODWHG FOXVWHU LW FROOHFWHG
WKH GDWD YLD 5'* PRGH $IWHU LQWUDFOXVWHU GDWD DFTXLVLWLRQ DOO
WKH GDWD ZHUH VHQW WR WKH 6LQN WKURXJK WKH EDFNERQH URXWLQJ WUHH
%HVLGHV WKH SVHXGRUDQGRP VHHG ZDV DOVR VHQW WRJHWKHU ZLWK
WKH FRPSUHVVHG GDWD WR WKH 6LQN
2QFH WKH EDFNERQH URXWLQJ WUHH ZDV FRQVWUXFWHG HDFK
&OXVWHU +HDG KDG WKH ZKROH LQIRUPDWLRQ DERXW WKH EDFNERQH
URXWLQJ WUHH 7KH LQWUDFOXVWHU GDWD DFTXLVLWLRQ YLD &'* PRGH
HDFK &0 SURFHVVHG WKH GDWD YLD DGG RU PXOWLSO\ RSHUDWLRQV DQG
WKHQ VHQW WKHP WR LWV FRUUHVSRQGLQJ &+ 6XEVHTXHQWO\ WKH &+V
IRUZDUGHG WKH FRPSUHVVHG GDWD WR WKHLU XSVWUHDP &OXVWHU +HDG
WRZDUGV WKH 6LQN 2QFH UHFHLYHG WKH PHDVXUHPHQWV IURP WKH
&OXVWHU +HDG WKH 6LQN JHQHUDWHG WKH FRUUHVSRQGLQJ
VXEPHDVXUHPHQWV DFFRUGLQJ WR WKH SVHXGRUDQGRP VHHG DQG
UHFRYHUHG WKH FRPSUHVVHG GDWD WKURXJK WKH GDWD UHFRYHU\
DOJRULWKP )RU WKH GDWD WUDQVPLWWHG E\ WKH LVRODWHG FOXVWHU WKH
6LQN FDQ VLPSO\ GHFDSVXODWH WKH SDFNHW DQG REWDLQHG WKH VRXUFH
GDWD
9, 6,08/$7,21 $1' 5(68/76 $1$/<6,6
,Q WKLV VHFWLRQ WKH SHUIRUPDQFH RI ((&65 ZDV HYDOXDWHG YLD
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WKH VLPXODWRU 16 ((&65 ZDV D NLQG RI DOJRULWKP ZKLFK
DGRSWHG ERWK RI WKH PHULWV RI &6EDVHG DOJRULWKP DQG WKH
&OXVWHULQJ VFKHPH WKHUHIRUH LW QHHGHG WR EH FRPSDUHG ZLWK WKH
&6EDVHG DOJRULWKP DQG WKH &OXVWHULQJ DOJRULWKP LQ WHUPV RI
HQHUJ\ HIILFLHQF\ DQG WKH WKURXJKSXW $V IRU WKH WUDGLWLRQDO
&OXVWHULQJ DOJRULWKP WKHUH H[LVWV PXFK GDWD UHGXQGDQF\
FRPSDUHG ZLWK WKH &RPSUHVVLYH 6HQVLQJ WHFKQRORJ\ 7KH GDWD
UHGXQGDQF\ OHDGV WR D ZDVWH RI HQHUJ\ %HVLGHV LW DOVR PDNHV
WKH WUDIILF EXUGHQ RI WKH &OXVWHU +HDGV PXFK KHDYLHU WKDQ WKDW
RI WKH &OXVWHU 0HPEHU ZKLFK UHVXOWV LQ WKH ³+RW 6SRW
3UREOHP´ %RWK RI WKH GDWD UHGXQGDQF\ DQG WKH ³+RW 6SRW
3UREOHP´ VKRUWHQ WKH OLIHWLPH RI :61V WR VRPH H[WHQW
+RZHYHU WKH ((&65 LQWHJUDWHG WKH PHULWV RI &RPSUHVVLYH
6HQVLQJ WKHRU\ ZLWK WKDW RI WKH &OXVWHULQJ DOJRULWKP 7KH
HQHUJ\ FRQVXPSWLRQ UHVXOWHG IURP WKH GDWD UHGXQGDQF\ FDQ EH
DOOHYLDWHG HIIHFWLYHO\ VLQFH WKH &6 WKHRU\ ZDV DGRSWHG %HVLGHV
WKH URWDWLRQ RI UROHV FRQWULEXWHG WR WKH HQHUJ\ EDODQFH ,Q WKLV
VHFWLRQ WKH DOJRULWKP ((&65 ZDV FRPSDUHG ZLWK WKH /($&+
7((1 3(*$6,6 DQG /($&+(5( ZKLFK EHORQJV WR WKH
&OXVWHULQJ DOJRULWKP LQ WHUPV RI QHWZRUN OLIHWLPH DQG WKH
WKURXJKSXW
2Q WKH RWKHU KDQG IRU WKH &6EDVHG VFKHPHV ZLWKRXW
FRQVLGHULQJ WKH HQHUJ\ RYHUKHDG RI OHDI QRGHV ZKLFK UHIHUUHG WR
&'* LQ WKLV SDSHU WKH ZDVWH RI HQHUJ\ LV UHVXOWHG IURP WKH GDWD
UHGXQGDQF\ RI WKH OHDI QRGH ,Q DGGLWLRQ WKH HQHUJ\ RYHUKHDG
H[LVWV LQ WKH SURFHVV RI FOXVWHU IRUPDWLRQ IRU WKRVH VFKHPHV
ZKLFK LQWHJUDWHG &6 WKHRU\ ZLWK WKH &OXVWHULQJ VWUDWHJ\ DQG
ZDV GHQRWHG DV +&'* LQ VRPH OLWHUDWXUHV $OWKRXJK WKHUH DUH
VRPH H[LVWLQJ &6EDVHG VWUDWHJLHV ZKLFK ZHUH FRPELQHG ZLWK
WKH &OXVWHULQJ VFKHPH WKH\ GLG QRW WDNH WKH HQHUJ\ RYHUKHDG
UHVXOWHG IURP FOXVWHU IRUPDWLRQ LQWR FRQVLGHUDWLRQ &RPSDUHG
ZLWK WKH H[LVWLQJ &6EDVHG DOJRULWKP ((&65 ZDV LQWHJUDWHG
ZLWK WKH &OXVWHULQJ DOJRULWKP %HVLGHV LW QRW RQO\ FRQVLGHUHG
WKH HQHUJ\ FRVW IRU FOXVWHU IRUPDWLRQ EXW DOVR SUHVHQWHG WKH
UDWLR RI WKH UHVLGXDO HQHUJ\ WR WKH GLVWDQFH DQG WKH UROH RI WKH
%DFNXS &OXVWHU +HDG DQG WKH FRUUHVSRQGLQJ URWDWLRQ
PHFKDQLVP EHWZHHQ &+ DQG %&+ ,Q DGGLWLRQ WKH RSWLPDO
FOXVWHU VL]H DQG WKH RSWLPDO &OXVWHU +HDG GLVWULEXWLRQ ZHUH
REWDLQHG WR EDODQFH WKH HQHUJ\ FRQVXPSWLRQ 6R LW FDQ UHGXFH
WKH WUDIILF EXUGHQ RI WKH &OXVWHU +HDGV DQG EDODQFH WKH HQHUJ\
FRQVXPSWLRQ RI :61V DW WKH VDPH WLPH 7KHUHIRUH ((&65
DOVR QHHGHG WR EH FRPSDUHG ZLWK &OXVWHULQJ VWUDWHJLHV DV ZHOO
DV WKH H[LVWLQJ &6EDVHG DOJRULWKPV VXFK DV &'* DQG +&'*
WR HYDOXDWH LWV HIIHFW RQ UHGXFLQJ WKH GDWD UHGXQGDQF\
7KHUHIRUH WKLV VHFWLRQ DOVR VKRZQ WKH FRPSDULVRQV ZLWK
3(*$6,6 WKH &'* VWUDWHJ\ DQG WKH +&'* VWUDWHJ\ LQ WHUPV
RI WKH UHGXFWLRQ UDWLR RI WUDQVPLVVLRQ>@
,Q WKLV VHFWLRQ DOO WKH VHQVRU QRGHV ZHUH UDQGRPO\
GLVWULEXWHG LQ D u VTXDUH DUHD DQG WKH 6LQN ZDV
GHSOR\HG DW WKH FHQWHU RI WKH DUHD ZLWK WKH FRRUGLQDWH  
7KH YDOXH RI G ZDV VHW WR EH  WKHUHIRUH WKH YDOXH RI N HTXDOHG
 6LQFH WKH 6LQN ORFDWHG DW WKH FHQWHU RI WKH QHWZRUN WRSRORJ\
WKH YDOXH RI T ZDV S  ,Q RUGHU WR FRPSUHKHQVLYHO\ HYDOXDWH
WKH HQHUJ\ HIILFLHQF\ RI ((&65 WZR NLQGV RI H[SHULPHQW
VFHQDULRV ZHUH DGRSWHG QDPHO\ WKH VFHQDULR ZLWK FKDQJHDEOH
QXPEHU RI WKH VHQVRU QRGHV DQG WKDW ZLWK FRQVWDQW QXPEHU RI
WKH VHQVRU QRGHV )RU WKH VDNH RI FRQYHQLHQFH WKH\ ZHUH
GHQRWHG DV VFHQDULR  DQG VFHQDULR  UHVSHFWLYHO\ ,Q VFHQDULR 
WKH QXPEHU RI WKH VHQVRU QRGHV YDULHG IURP  WR  ZLWK WKH
VWHS  DQG WKH UHVXOWV RI LW ZHUH FRPSDUHG ZLWK &'* DQG
+&'* ,Q VFHQDULR  WKH QXPEHU RI WKH VHQVRU QRGH ZHUH IL[HG
WR EH  DQG WKH UHVXOWV ZHUH FRPSDUHG ZLWK WKH WUDGLWLRQDO
FOXVWHULQJ DOJRULWKP VXFK DV /($&+ 3(*$6,6 7((1 DQG
/($&+(5( 7R PDNH WKH FRPSDULVRQ PRUH FRQVSLFXRXV WKH
FRPSUHVVLRQ UDWLR 01 U ZDV SURSRVHG LQ WKLV VHFWLRQ ,Q
WKH H[SHULPHQW WKH YDOXH RI UDWLR ZDV VHW WR EH  RU  DQG LW
PHW WKH GHPDQG RI WKH SUHFLVLRQ IRU GDWD UHFRYHU\>@>@
)LJ 7KH UHGXFWLRQ UDWLR RI WUDQVPLVVLRQ ZKHQ  U
)LJ 7KH UHGXFWLRQ UDWLR RI WUDQVPLVVLRQ ZKHQ  U
)LJV VKRZQ KRZ WKH UHGXFWLRQ UDWLR RI WUDQVPLVVLRQ
YDULHG ZLWK WKH QXPEHU RI WKH VHQVRU QRGHV ZKHQ  U DQG
 U UHVSHFWLYHO\ &RPSDUHG ZLWK WKH &OXVWHULQJ VWUDWHJ\
ZLWKRXW FRPSUHVVLYH VHQVLQJ WHFKQRORJ\ ZKLFK ZDV 3(*$6,6
LQ WKLV SDSHU WKH DPRXQW RI GDWD WUDQVPLVVLRQ ZDV UHGXFHG E\
 DQG  ZKHQ WKH WUDQVPLVVLRQ UDWLR ZHUH  DQG 
UHVSHFWLYHO\ :KHQ FRPSDUHG ZLWK WKH &'* VFKHPH WKH
SURSRVDO LQ WKH SDSHU FDQ DFKLHYH WKH UHGXFWLRQ UDWLR WR EH
 DQG  ZKHQ ߩ HTXDOHG WR  DQG  UHVSHFWLYHO\ ,Q
DGGLWLRQ WKH DPRXQW RI GDWD WUDQVPLVVLRQ ZDV UHGXFHG E\
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 DQG  FRPSDUHG ZLWK WKH +&'* VFKHPH ZKHQ ߩ
HTXDOHG WR  DQG  UHVSHFWLYHO\ 7KHUHIRUH WKH FRQFOXVLRQ WKDW
((&65 DOJRULWKP FDQ HIIHFWLYHO\ UHGXFH WKH HQHUJ\
FRQVXPSWLRQ FDXVHG E\ WKH FOXVWHU IRUPDWLRQ SKDVH FDQ EH
GUDZQ %HVLGHV WKH FRPSDULVRQV RI )LJV VKRZQ WKDW WKH
UHGXFWLRQ UDWLR RI GDWD WUDQVPLVVLRQ RI ((&65 FDQ NHHS VWHDG\
DQG EH IUHH IURP WKH LQIOXHQFH RI WKH LQFUHDVH RI WKH
FRPSUHVVLYH UDWLR 7KHUHIRUH WKH ((&65 DOJRULWKP LV VWHDG\
DQG KDV JRRG SHUIRUPDQFH LQ LPSURYLQJ WKH HQHUJ\ HIILFLHQF\
)LJ 7KH QXPEHU RI QRGHV DOLYH ZKHQ  U
)LJ 7KH QXPEHU RI QRGHV DOLYH ZKHQ  U
)LJV VKRZQ WKH FRPSDULVRQV RI WKH QXPEHU RI QRGHV
DOLYH ZKHQ  U DQG  U UHVSHFWLYHO\ 7KH VLPXODWLRQV
ZHUH FRQGXFWHG ZLWK WKH FRQVWDQW QXPEHU RI VHQVRU QRGH EHLQJ
 ((&65 ZDV FRPSDUHG ZLWK WKH WUDGLWLRQDO FOXVWHULQJ
SURWRFRO VXFK DV WKH /($&+ WKH 3(*$6,6 DQG WKH 7((1
%HVLGHV WR YHULI\ WKH DGYDQWDJH RI WKH SURSRVDO RI WKH SDSHU
((5(* ZDV DOVR FRPSDUHG ZLWK WKH /($&+(5( ZKLFK ZDV
RQH RI WKH VWDWHRIWKHDUW HQHUJ\HIILFLHQW VWUDWHJLHV $6 ZDV
VKRZQ LQ )LJV WKH FXUYHV RI /($&+ 3(*$6,6 7((1
DQG /($&+(5( NHSW WKH VDPH ZLWK GLIIHUHQW FRPSUHVVLYH
UDWLRV EHFDXVH WKH &6 ZDV QRW DGRSWHG 2Q WKH FRQWUDU\ WKH
FRPSUHVVLYH UDWLR SOD\HG DQ LPSRUWDQW UROH LQ WKH QHWZRUN
OLIHWLPH IRU ((&65 EHFDXVH WKH &6 WKHRU\ ZDV XWLOL]HG WR
UHGXFH WKH GDWD UHGXQGDQF\ %HVLGHV LW FDQ EH HDVLO\ REWDLQHG
WKDW WKH DPRXQW RI WUDIILF ZDV UHGXFHG ZLWK WKH LQFUHDVH RI WKH
FRPSUHVVLYH UDWLR 7KHUHIRUH WKH QHWZRUN OLIHVSDQ H[WHQGHG
ZLWK WKH LQFUHDVH RI WKH FRPSUHVVLYH UDWLR %HVLGHV LW ZDV DOVR
HDVLO\ REWDLQHG WKDW WKH QHWZRUN OLIHWLPH GLG QRW OLQHDUO\ YDU\
ZLWK WKH FRPSUHVVLYH UDWLR VWULFWO\ 6LQFH WKH K\EULG
FRPSUHVVLYH VHQVLQJ WKHRU\ ZDV DGRSWHG LQ ((&65 WKH GDWD
WUDQVPLVVLRQ DPRQJ WKH LQWUDFOXVWHU GLG QRW GHFUHDVH OLQHDUO\
ZLWK WKH FRPSUHVVLYH UDWLR
)LJ 7KH WKURXJKSXW FRPSDULVRQ ZKHQ  U
)LJ 7KH WKURXJKSXW FRPSDULVRQ ZKHQ  U
)LJV VKRZQ WKH WKURXJKSXW FRPSDULVRQV ZKHQ  U DQG
 U UHVSHFWLYHO\ ,W ZDV FOHDU WKDW ((&65 FDQ ODUJHO\
UHGXFH WKH DPRXQW RI WKH WUDIILF IORZ FRPSDUHG ZLWK WKH
&OXVWHULQJ SURWRFRO VXFK DV /($&+ 3(*$6,6 7((1 DQG
/($&+(5( ,W LV REYLRXV WKDW WKH FRPSUHVVLYH VHQVLQJ PRGH
FRQWULEXWHG WR FXWWLQJ GRZQ WKH GDWD UHGXQGDQF\ %HVLGHV )LJ
IXUWKHU FRQILUPHG WKDW WKH HQHUJ\ FRQVXPSWLRQ EXUGHQ
GHFUHDVHG ZLWK WKH LQFUHDVH RI WKH FRPSUHVVLYH UDWLR 7KH
DPRXQW RI GDWD WUDQVPLVVLRQ GHFUHDVHG WKHUHIRUH WKH HQHUJ\
FRQVXPSWLRQ IRU WUDQVPLVVLRQ ZDV UHGXFHG DQG WKH QHWZRUN
OLIHWLPH ZDV H[WHQGHG
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9,, &21&/86,216 $1' )8785( 5(6($5&+ ',5(&7,216
$ &RQFOXVLRQV
7KH HQHUJ\ FRQVWUDLQW KDV EHHQ RQH RI PDLQ FKDOOHQJHV
IDFLQJ WKH WUDGLWLRQDO :61V IRU D ORQJ WLPH 7KH ³+RW 6SRW
3UREOHP´ OHDGV WR WKH HDUO\ WHUPLQDWLRQ RI WKH QHWZRUN OLIHWLPH
7KH EURDGFDVW XVHG IRU URWDWLRQ RI &+V DOVR OHDGV WR D ZDVWH RI
HQHUJ\ 2Q WKH RWKHU KDQG WKH 6SDWLDOWHPSRUDO FRUUHODWLRQ
GXULQJ WKH SURFHVV RI GDWD DFTXLVLWLRQ PDNHV PDWWHUV ZRUVH ,Q
WKLV SDSHU WKH &OXVWHULQJ VWUDWHJ\ ZDV LQWHJUDWHG ZLWK WKH &6
WKHRU\ WR UHGXFH WKH HQHUJ\ FRQVXPSWLRQ UHVXOWHG IURP WKH
6SDWLDOWHPSRUDO FRUUHODWLRQ %HVLGHV WKH %DFNXS &OXVWHU +HDG
DQG WKH URWDWLRQ PHFKDQLVP ZDV SURSRVHG WR FXW GRZQ WKH
HQHUJ\ GHSOHWLRQ FDXVHG E\ WKH EURDGFDVW GXULQJ &OXVWHU +HDG
URWDWLRQ ,Q DGGLWLRQ WKH RSWLPDO FOXVWHU VL]H WKH RSWLPDO
&OXVWHU +HDG GLVWULEXWLRQ ZHUH SURSRVHG WR IXUWKHU LPSURYH WKH
HQHUJ\ HIILFLHQF\ 6XEVHTXHQWO\ WKH (QHUJ\(IILFLHQW
&RPSUHVVLYH 6HQVLQJEDVHG FOXVWHULQJ 5RXWLQJ ((&65
SURWRFRO ZDV SUHVHQWHG )LQDOO\ WKH ((&65 ZDV HYDOXDWHG YLD
WKH QHWZRUN VLPXODWRU 16 LQ WHUPV RI UHGXFWLRQ UDWLR RI
WUDQVPLVVLRQ QHWZRUN OLIHWLPH DQG WKH WKURXJKSXW 7KH
VLPXODWLRQ UHVXOWV VKRZQ WKDW WKH ((&65 DOJRULWKP FDQ
HIIHFWLYHO\ VDYH HQHUJ\ DQG H[WHQG WKH QHWZRUN OLIHWLPH
% )XWXUH 5HVHDUFK 'LUHFWLRQV
6LQFH WKH WHPSRUDO FRUUHODWLRQ H[LVWV LQ WKH GDWD FROOHFWHG E\
WKH 6LQN WKH GDWD DFTXLUHG LQ WKH DGMDFHQW WLPH VORWV SUHVHQWV
VRPH VLPLODULW\ 7KHUHIRUH WKH SUHGLFWLYH FRGLQJ WKHRU\ FDQ EH
FRPELQHG WR UHGXFH WKH HQHUJ\ FRQVXPSWLRQ IXUWKHU 9LD
DGRSWLQJ SUHGLFWLYH FRGLQJ WKH GDWD DFTXLUHG SUHYLRXV FDQ EH
XWLOL]HG WR SUHGLFW WKH ODWHU GDWD WKXV UHGXFH WKH DPRXQW RI GDWD
DFTXLUHG DQG DFKLHYH KLJK HQHUJ\ HIILFLHQF\ $V IDU DV ZH NQRZ
WKHUH KDYH QRW EHHQ DQ\ SDSHUV DLPLQJ DW LPSURYLQJ HQHUJ\
HIILFLHQF\ RI :61V YLD LQWHJUDWLQJ ZLWK WKH SUHGLFWLYH FRGLQJ
WKHRU\ )XUWKHUPRUH WKH SUHGLFWLYH FRGLQJ FDQ DOVR EH
LQWHJUDWHG ZLWK WKH &6 WKHRU\ WR UHGXFH WKH HQHUJ\ FRQVXPSWLRQ
UHVXOWHG IURP WKH 6SDWLDOWHPSRUDO FRUUHODWLRQ
5()(5(1&(6
>@ ' /LQ DQG 4 :DQJ ³$ JDPH WKHRU\ EDVHG HQHUJ\ HIILFLHQW FOXVWHULQJ
URXWLQJ SURWRFRO IRU :61V´ :LUHO 1HWZ YRO  QR  SS 

>@ % (UNDO DQG 2 .D\QDN ³'HVLJQ RI D IX]]\ YDULDEOH VWUXFWXUH FRQWUROOHU
IRU FRQWUROOLQJ VDWHOOLWH DWWLWXGH VXIIHULQJ IURP VHQVRU GDWD GHOD\´
3URFHHGLQJV RI WK ,QWHUQDWLRQDO &RQIHUHQFH RQ 5HFHQW $GYDQFHV LQ
6SDFH 7HFKQRORJLHV5$67 ,VWDQEDO 7XUNH\  SS 
>@ = 6KHQJ 6 <DQJ < <X HW DO ³$ VXUYH\ RQ WKH LHWI SURWRFRO VXLWH IRU WKH
LQWHUQHW RI WKLQJV VWDQGDUGV FKDOOHQJHV DQG RSSRUWXQLWLHV´ ,((( :LUHO
&RPPXQ YRO  QR  SS  
>@ / 3DUUD 6 6HQGUD - /ORUHW HW DO ³/RZ FRVW ZLUHOHVV VHQVRU QHWZRUN IRU
VDOLQLW\ PRQLWRULQJ LQ PDQJURYH IRUHVWV´ 3URFHHGLQJV RI WKH  ,(((
RQ 6HQVRUV 9DOHQFLD 6SDLQ  SS 
>@ - /ORUHW 6 6HQGUD 0 *DUFLD HW DO ³*URXSEDVHG XQGHUZDWHU ZLUHOHVV
VHQVRU QHWZRUN IRU PDULQH ILVK IDUPV´ 3URFHHGLQJV RI WKH  ,(((
*/2%(&20 :RUNVKRSV *& :NVKSV +RXVWRQ 7; 86$  SS

>@ 6 <RRQ DQG & 6KDKDEL ³7KH FOXVWHUHG DJJUHJDWLRQ &$* WHFKQLTXH
OHYHUDJLQJ VSDWLDO DQG WHPSRUDO FRUUHODWLRQV LQ ZLUHOHVV VHQVRU QHWZRUNV´
$&0 7 6HQVRU 1HWZRUN YRO  QR  SS  
>@ 1 $ 3DQWD]LV 6 $ 1LNROLGDNLV DQG ' ' 9HUJDGRV ³(QHUJ\HIILFLHQW
URXWLQJ SURWRFROV LQ ZLUHOHVV VHQVRU QHWZRUNV D VXUYH\´ ,((( &RPPXQ
6XUY 7XW YRO  QR SS  
>@ $ 0HKPRRG 6 .KDQ % 6KDPV DQG - /ORUHW ³(QHUJ\HIILFLHQW
PXOWLOHYHO DQG GLVWDQFHDZDUH FOXVWHULQJ PHFKDQLVP IRU :61V´ ,QW -
&RPPXQ 6\VW YRO   QR SS  
>@ - /ORUHW 0 *DUFLD ' %UL HW DO ³$ FOXVWHUEDVHG DUFKLWHFWXUH WR VWUXFWXUH
WKH WRSRORJ\ RI SDUDOOHO ZLUHOHVV VHQVRU QHWZRUNV´ 6HQVRUV YRO  QR
SS  
>@ ' /LQ 4 :DQJ ' /LQ HW DO ³$Q HQHUJ\HIILFLHQW FOXVWHULQJ URXWLQJ
SURWRFRO EDVHG RQ HYROXWLRQDU\ JDPH WKHRU\ LQ ZLUHOHVV VHQVRU QHWZRUN´
,QW - 'LVWULE 6HQV 1 YRO  QR  SS  
>@ ' /LQ 4 :DQJ DQG - /LX ³$Q HQHUJ\ HIILFLHQW VLQN GHSOR\PHQW VFKHPH
DLPLQJ DW H[WHQGLQJ WKH OLIHVSDQ IRU ZLUHOHVV VHQVRU QHWZRUNV´ ,QW -)XW
*HQH &RPPXQ 1 YRO  QR  SS  
>@ ; :X * &KHQ DQG . ' . 6DMDO ³$YRLGLQJ HQHUJ\ KROHV LQ ZLUHOHVV
VHQVRU QHWZRUNV ZLWK QRQXQLIRUP QRGH GLVWULEXWLRQ´ ,((( 7 3DUDOO
'LVWU YRO  QR  SS  
>@ 6 %DVDJQL $ &DURVL ( 0HODFKULRXGLV HW DO ³&RQWUROOHG VLQN PRELOLW\
IRU SURORQJLQJ ZLUHOHVV VHQVRU QHWZRUNV OLIHWLPH´ :LUHO 1HWZ YRO 
QR  SS  
>@ ' /LQ 4:DQJ DQG - /LX ³(QHUJ\VDYLQJ VWUDWHJ\ E\ FRPELQLQJ PRELOH
DQG VWDWLF VLQNV VFKHPHV IRU ZLUHOHVV VHQVRU QHWZRUNV´ -RXUQDO RI +DUELQ
,QVWLWXWH RI 7HFKQRORJ\ YRO  QR  SS  
>@ - <DQJ ' =KDQJ < =KDQJ HW DO ³$ FOXVWHUEDVHG GDWD DJJUHJDWLRQ DQG
WUDQVPLVVLRQ SURWRFRO IRU ZLUHOHVV VHQVRU QHWZRUNV´ -RXUQDO RI 6RIWZDUH
YRO  QR  SS  
>@ ' / 'RQRKR DQG 0 (ODG DQG 9 1 7HPO\DNRY ³6WDEOH UHFRYHU\ RI
VSDUVH RYHUFRPSOHWH UHSUHVHQWDWLRQV LQ WKH SUHVHQFH RI QRLVH´ ,((( 7
,QIRUP 7KHRU\ YRO  QR  SS  
>@ : &KHQ DQG , - :DVVHOO ³(QHUJ\HIILFLHQW VLJQDO DFTXLVLWLRQ LQ ZLUHOHVV
VHQVRU QHWZRUNV D FRPSUHVVLYH VHQVLQJ IUDPHZRUN´ ,(7 :LUHOHVV
6HQVRU 6\VWHPV YRO  QR SS  
>@ ' 6OHSLDQ DQG - :ROI ³1RLVHOHVV FRGLQJ RI FRUUHODWHG LQIRUPDWLRQ
VRXUFHV´ ,((( 7 ,QIRUP 7KHRU\ YRO  QR  SS  
>@ * +XD DQG & : &KHQ ³&RUUHODWHG GDWD JDWKHULQJ LQ ZLUHOHVV VHQVRU
QHWZRUNV EDVHG RQ GLVWULEXWHG VRXUFH FRGLQJ´ ,QW - 6HQV 1HWZ YRO 
QR  SS  
>@ 0 - +DQG\ 0 +DDVH DQG ' 7LPPHUPDQQ ³/RZ HQHUJ\ DGDSWLYH
FOXVWHULQJ KLHUDUFK\ ZLWK GHWHUPLQLVWLF FOXVWHUKHDG VHOHFWLRQ´ 7KH WK
,QWHUQDWLRQDO :RUNVKRS RQ 0RELOH DQG :LUHOHVV &RPPXQLFDWLRQV
1HWZRUN 6WRFNKROP 6ZHGHQ 6ZHGHQ  YRO  SS 
>@ 6 /LQGVH\ DQG & 6 5DJKDYHQGUD ³3(*$6,6 SRZHUHIILFLHQW JDWKHULQJ
LQ VHQVRU LQIRUPDWLRQ V\VWHPV´ 3URFHHGLQJV RI WKH ,((( $HURVSDFH
&RQIHUHQFH 0RQWDQD ,((( $HURVSDFH DQG (OHFWURQLF 6\VWHPV 6RFLHW\
%LJ 6N\ 07 86$  SS 
>@ $ 0DQMHVKZDU DQG ' $JUDZDO ³7((1 D URXWLQJ SURWRFRO IRU HQKDQFHG
HIILFLHQF\ LQ ZLUHOHVV VHQVRU QHWZRUNV´ 3URFHHGLQJV RI WKH WK
,QWHUQDWLRQDO 3DUDOOHO DQG 'LVWULEXWHG 3URFHVVLQJ 6\PSRVLXP
,3'36¶ :RUNVKRSV &DOLIRUQLD 86$  SS 
>@ - /HH DQG : &KHQJ ³)X]]\ORJLFEDVHG FOXVWHULQJ DSSURDFK IRU ZLUHOHVV
VHQVRU QHWZRUNV XVLQJ HQHUJ\ SUHGLFDWLRQ´ ,((( 6HQV - YRO  QR 
SS  
>@ + =KHQJ ) <DQJ ; 7LDQ HW DO ³'DWD JDWKHULQJ ZLWK FRPSUHVVLYH
VHQVLQJ LQ ZLUHOHVV VHQVRU QHWZRUNV D UDQGRP ZDON EDVHG DSSURDFK´
,((( 7 3DUDOO 'LVWU YRO  QR  SS  
>@ + =KHQJ : *XR DQG 1 ;LRQJ ³$ NHUQHOEDVHG FRPSUHVVLYH VHQVLQJ
DSSURDFK IRU PRELOH GDWD JDWKHULQJ LQ ZLUHOHVV VHQVRU QHWZRUN V\VWHPV´
,((( 7 6\VW 0DQ &\6 YRO  SS  
>@ / 4XDQ 6 ;LDR ; ;XH HW DO ³1HLJKERUDLGHG VSDWLDOWHPSRUDO
FRPSUHVVLYH GDWD JDWKHULQJ LQ ZLUHOHVV VHQVRU QHWZRUNV´ ,((( &RPPXQ
/HWW YRO  QR  SS  
>@ / ;LDQJ - /XR DQG & 5RVHQEHUJ ³&RPSUHVVHG GDWD DJJUHJDWLRQ
HQHUJ\HIILFLHQW DQG KLJKILGHOLW\ GDWD FROOHFWLRQ´ ,((($&0
7UDQVDFWLRQV RQ 1HWZRUNLQJ YRO  QR  SS  
>@ ; <DQJ ; 7DR ( 'XWNLHZLF] HW DO ³(QHUJ\HIILFLHQW GLVWULEXWHG GDWD
VWRUDJH IRU ZLUHOHVV VHQVRU QHWZRUNV EDVHG RQ FRPSUHVVHG VHQVLQJ DQG
QHWZRUN FRGLQJ´ ,((( 7 &RPPXQ YRO  QR  SS 

>@ & /XR ) :X - 6XQ HW DO ³&RPSUHVVLYH GDWD JDWKHULQJ IRU ODUJHVFDOH
ZLUHOHVV VHQVRU QHWZRUNV´ 3URFHHGLQJV RI WKH WK DQQXDO LQWHUQDWLRQDO
FRQIHUHQFH RQ 0RELOH FRPSXWLQJ DQG QHWZRUNLQJ %HLMLQJ &KLQD 
YRO  QR  SS 
1558-1748 (c) 2018 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission. See http://www.ieee.org/publications_standards/publications/rights/index.html for more information.
This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication. Citation information: DOI 10.1109/JSEN.2019.2893912, IEEE Sensors
Journal
>@ 6 <LUDQ + :HQ 5 5DMLD HW DO ³1RQXQLIRUP FRPSUHVVLYH VHQVLQJ IRU
KHWHURJHQHRXV ZLUHOHVV VHQVRU QHWZRUNV´ ,((( 6HQV - YRO  QR 
SS  
>@ 5 ;LH DQG ; -LD ³7UDQVPLVVLRQHIILFLHQW FOXVWHULQJ PHWKRG IRU ZLUHOHVV
VHQVRU QHWZRUNV XVLQJ FRPSUHVVLYH VHQVLQJ´ ,((( 7 3DUDOO 'LVWU YRO
 QR  SS  
>@ & =KDR : =KDQJ < <DQJ HW DO ³7UHHOHWEDVHG FOXVWHUHG FRPSUHVVLYH
GDWD DJJUHJDWLRQ IRU ZLUHOHVV VHQVRU QHWZRUNV´ ,((( 7 9HK 7HFKQRO
YRO  QR  SS   
>@ . /DQ DQG 0 :HL ³$ FRPSUHVVLELOLW\EDVHG FOXVWHULQJ DOJRULWKP IRU
KLHUDUFKLFDO FRPSUHVVLYH GDWD JDWKHULQJ´ ,((( 6HQV - YRO  QR  SS
 
>@ ; /L ; 7DR DQG * 0DR ³8QEDODQFHG H[SDQGHU EDVHG FRPSUHVVLYH GDWD
JDWKHULQJ LQ FOXVWHUHG ZLUHOHVV VHQVRU QHWZRUNV´ ,((( $FFHVV YRO  QR
 SS  
>@ : <DQ < 'RQJ 6 =KDQJ DQG = :DQJ ³$Q RSWLPDO &'* IUDPHZRUN
IRU HQHUJ\ HIILFLHQW :61V´ &KLQHVH -RXUQDO RI (OHFWURQLFV YRO  QR 
SS  
>@ ; ;X 5 $QVDUL DQG $ .KRNKDU ³6SDWLRWHPSRUDO KLHUDUFKLFDO GDWD
DJJUHJDWLRQ XVLQJ FRPSUHVVLYH VHQVLQJ 67+'$&6´ 3URFHHGLQJV RI
WKH  ,QWHUQDWLRQDO &RQIHUHQFH RQ 'LVWULEXWHG &RPSXWLQJ LQ 6HQVRU
6\VWHPV )RUWDOH]D %UD]LO  SS 
>@ ' ;LH 4 =KRX DQG - /LX ³$ FKDLQEDVHG GDWD JDWKHULQJ SURWRFRO XQGHU
FRPSUHVVLYH VHQVLQJ IUDPHZRUN IRU ZLUHOHVV VHQVRU QHWZRUNV´
3URFHHGLQJV RI WKH  ,QWHUQDWLRQDO &RQIHUHQFH RQ &RPSXWDWLRQDO DQG
,QIRUPDWLRQ 6FLHQFHV :DVKLQJWRQ '&  SS 
>@ = 1LH ' :DQJ ' :DQJ HW DO ³$GDSWLYH DGMXVWPHQW RI FRPSUHVVHG
PHDVXUHPHQW IRU HQHUJ\HIILFLHQW GDWD JDWKHULQJ LQ :61V´ 3URFHHGLQJV
RI WKH  ,((( &RQIHUHQFHV RQ ,QWHUQHW RI 7KLQJV DQG ,((( *UHHQ
&RPSXWLQJ DQG &RPPXQLFDWLRQV DQG ,((( &\EHU 3K\VLFDO DQG 6RFLDO
&RPSXWLQJ DQG ,((( 6PDUW 'DWD &KHQJGX &KLQD  SS 
>@ ( 6KLK 6 &KR 1 ,FNHV HW DO ³3K\VLFDO OD\HU GULYHQ SURWRFRO DQG
DOJRULWKP GHVLJQ IRU HQHUJ\HIILFLHQW ZLUHOHVV VHQVRU QHWZRUNV´
3URFHHGLQJV RI WKH $&0 0RELFRP 5RPH ,WDO\  SS 
>@ 2 <RXQLV DQG 6 )DKP\ ³+((' D K\EULG HQHUJ\HIILFLHQW GLVWULEXWHG
FOXVWHULQJ DSSURDFK IRU DG KRF VHQVRU QHWZRUNV´ ,((( 7 0RELOH
&RPSXW YRO  QR  SS  
>@ 6 %DQG\RSDGK\D\ DQG ( &R\OH ³$Q HQHUJ\ HIILFLHQW KLHUDUFKLFDO
FOXVWHULQJ DOJRULWKP IRU ZLUHOHVV VHQVRU QHWZRUNV´ 3URFHHGLQJV RI WKH
-RLQW &RQIHUHQFH RI WKH ,((( &RPSXWHU DQG &RPPXQLFDWLRQV ,(((
6RFLHWLHV 6DQ )UDQFLVFR &$ 86$  SS 
>@ ' :DQJ DQG / ; /LQ / ³$ VWXG\ RI VXEGLYLGLQJ KH[DJRQFOXVWHUHG
:61 IRU SRZHU VDYLQJ DQDO\VLV DQG VLPXODWLRQ´ $G +RF 1HWZ YRO 
QR  SS  
>@ 6 &KHQ < :DQJ ; < /L DQG ; 6KL ³'DWD FROOHFWLRQ FDSDFLW\ RI
UDQGRPGHSOR\HG ZLUHOHVV VHQVRU QHWZRUNV´ 3URFHHGLQJV RI WKH ,(((
*OREDO 7HOHFRPPXQLFDWLRQ &RQIHUHQFH +RQROXOX +, 86$  YRO
 QR  SS
>@ . <HGDYDOOL DQG % .ULVKQDPDFKDUL ³6HTXHQFHEDVHG ORFDOL]DWLRQ LQ
ZLUHOHVV VHQVRU QHWZRUNV´ ,((( 7 0RELOH &RPSXW YRO  QR  SS
 
>@ $ 1DVLSXUL DQG . /L ³$ GLUHFWLRQDOLW\ EDVHG ORFDWLRQ GLVFRYHU\ VFKHPH
IRU ZLUHOHVV VHQVRU QHWZRUNV´ 3URFHHGLQJV RI WKH )LUVW $&0 ,QW¶O
:RUNVKRS :LUHOHVV 6HQVRU 1HZRUNV DQG $SSOLFDWLRQV :61$ µ
*HRUJLD 86$  SS 
